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INTRODUCTION

Equipment and procedures presently being used for acquiring
helicopter external loads evolved to meet specific recuire-
ments as they arose, with little consideration given to the
overall transportation system problem., The current procedure
for ground hookup of external helicopter loads generally re-
quires crewmen, who are positioned underneath the helicopter,
to manually attach the load. This procedure can be extremely
slow and sabjects the crewmen to an uncomfortable and danger-
ous environment, The time involved to place the ground crew
at the scene prior to hookup, and retrieval of crew after
hookup, would be unacceptable during certain types of mis-
sions. Attachment of external loads to hovering helicopters
will become even more critical as helicopter capacities be-
come larger and as tension members and payloads become more
awkward to handle. Proper interface design between the heli-
copter load acouisition system and the load with automatic
load acquisition provisions would greatly enhance the heli-
copter efficiency and productivity.

The purpose of this study effort was to establish design re-
ocuirements and to develop system designs for a helicopter
automatic load acquisition system (HALAS). Current and future
generation cargo helicopters having a 1lift capability up to
60,000 pounds were considered in this study proaram,

This report presents the system analyses leading to the form-
ulation of the various HALAS concepts, the feasibility anal-
yses, system trade-off methodology, and the conceptual design
of the selected promising concepts. Conclusions from this
study and recommendations for further investigation are also
included.



1.0 TECKNICAL APPROACH

The technical approach to accomplish the study program was
first to review the current technology including procedures
and interface equipment for handling external helicopter
loads, Commercial and maritime applicable technology in
cargo handling was also investigated. Aerospace technology
in linkup operation, manipulator designs, and load handling
devices in undersea operation was also studied for possible
application in the design of an automatic load accuisition
system, The knowledge of the applicable current technology
was beneficial in formulating the various conceptual HALAS
designs and in determining the =system feasibility. The heli-
copter external loads were then categorized according to
their commonroality in configurations, size, weight, mission
application, and thzir lifting provision designs. The char-
acteristics of various lifting provision designs of the heli-
copter external loads were then analyzed to deter:wine the
design requirements of the automatic load acquisition equip-
ment for handling the various locads. By analyzing the char-
acteristics of the various loads and their lifting provisions,
the design requirements for the automatic load acquisition
were established and the versatility of the HALAS concepts
were optimized.

The Army air transportability requirements applicable to both
current and future helicopters with external load handling
capabilities were then established for the purpose of identi-
fying those critical, operational, and technical areas where
external load acquisition problems exist. The requirement
for the automatic load acquisition system included the iden-
tification of guiding and positioning information under var-
ious visibility and operating conditions, The above ap-
proaches established the background and requirements for de-
signing the helicopter automatic load acquisition system.
Various HALAS system concepts were formulated for handling
prepared and unprepared loads. Both single- and tandem-rotor
helicopters were considered 2long with single- or multiple-
lifting sling arrangements.

The methodology for conducting the system trade-off studies
between various system concepts was then developed and used

to evaluate the system effectiveness and to select the optimal
design concept,



2.0 REVIEW OF APPLICABLE CARGO HANDLING TECHNOLOGY

Applicable technology in commercial &nd maritime cargo han-
dling operation has been reviewed. Current helicopter exter-
nal load handling techniques and applicable aerospace tech-
nology have also been surveyed. The purpose of these reviews
was to determine the applicability of current load handling
technology ard to provide direction for achieving the objec-
tives of this stuiy program.

2,1 MARITIME CONTAINER HANDLING EQUIPMENT

Multiple var.ations of container spreaders for ship or shore
crane operations are available. Automatic twist-locks, me-
chanical or electromechanical/hydraulic, are applicable to
helicopter operation. Current commercial and maritime con-
tainer spreaders, fixed or adjustable, are neither designed
nor mechanized for airborne operation.

Automobile Cage

When hoisted, the telescoping frame slides up until it meets
the stopper and in the meantime pulls a cable toward the
hinged ramp, thus tilting it up to form a wheel stop to hold
the automobile in place. When one end of the cage is lowered
onto a tilting block, the frames collapse, allowing gravita-
tional release. See Figure 1,

Vehicle Spider Gear

The spider gear (Figure 2) opens to allow lower hooks to be
set in place under the wheel. When positioned, the hooks are
pulled close together to hold the vehicle for hoisting. Be-
cause this gear requires four men to place it into position
and four men to remove it, it is a slower, more costly opera-
tion than the automobile cage approach.

Small Craft Slings

To prevent costly boat damage, three basic hoisting methods
have been devised:

1. Built-in lifting rings or padeyes can be used, when
available. Generally there are trree contact points
(one forward, two abreast aft) tc assure upright
stability.

2, A load can be hoisted in its bridle with four leads
connected to four points on the spreader base with a
top spreader to prevent the four leads from touching
the craft.



Figure 1,

L =l S

Automnbile Cage.
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3. Web steel or nylon straps, kept away from boat sides
by spreaders, provide a simple, quick, efficient
method of handling.

Cradles, lifted with the boat when the boat is to remain on
land, are handled in a manner similar to the methods listed
above,

Newsprint Handling

Presently, newsprint is being handled by vacuum suction de-
vices placed onto the side of the roll: special compressor-
type motors are used.

An alternate method is the use of cascade clamps attached to
a torklift: the clamps grasp two sides of the load and are
then squeezed together hydraulically for hoisting.

A scissor type clamp is also used when rolls are laid down on
their sides. This type of clamp could adapt to drums, engine
cases, etc.

Vacuum Equipment

As explained above in newsprint handling, vacuum clamp equip-

ment works to considercble advantage with drums and nonporous

surfaces due to ease and speed of operation as well as damage-
free operation.

Cargo Containuers

Container handiing begins at the point of receipt at the
steamship terminal and continues through the facility and into
the stowage area aboard ship, Cargo in a sealed container
arrives at the terminal on a chassis and will be handled one
of two ways: It will be left on the chassis for transport to
ship at the time of loading, or it can be removed from the
chassis by a transtainer (container lifting and transporting
equipment) and placed on the dock to await shipment. The
chassis-bound container will be pulled under the container
gantry and hoisted into the stowage area aboard ship. The
container on the dock will be directed by the transtainer to

a pickup point adjacent to the container pile, where a carry-
all, forklift, or forklift with a container spreader will pick
up the container and transport it to the loading position
under the gantry crane. The gantry crane, using an adjustable
container spreader, will pick up and hoist the container into
the stowage area.

11



Open-Top Containers

The two remaining types of containers are racks and gondolas.
A gondola is open at the top, 8 feet wide, 4 feet high, and
20 feet long. A rack is open at the top, sides and ends, and
is available in two sizes: 8 feet wide by 20 feet long, and
4 feet and € feet high., Open-top containers are used for
high-density cargo, mac.inery, vehicles, pipe and steel prod-
ucts, or any cargo difficult to containerize, Open containers
can be stacked and lncked with twist-lock ccnnectors; however,
due to the capacity of 46,000 pounds each, only one rack or
gondola can be lifted at a time., Utilizing the interfacing
equipment designed for reqular containers, racks or gondolas
are suitable for automatic load acquisition,

Unit Loads

A cargo unit load is a l-ton lot placed on a palletboard and
strapped, sometimes glued with semipermanent glue, to the
pallet. Methodolegy for handling unit loads falls into sev-
eral categories; i.e., use of a C-fork, a cage, or slings,

The advantage of the C-fork is tight stowage of the unit load,
and ease of placement of the load and removal of the fork from
the open side. It is used for permanent stowing only within
direct reach of the ship's gear. If wing stowage is required,
it must be landed in the hatch square and moved into the wings
by forklifts. For wing stowage, the cage is generally used.

Tihe cage is a platform usually capable of handling two unit
loads simultaneously. The pl. tform is generally 5 feet by

15 feet. Reduced manning and increased production are cage
advantages. On the dock apron, *wo unit loads are placed on
the cage platform by front-men; the cage is then hoisted into
the vessel, where loads are removed by forklift and placed in
final stowage location.

For small necessary key storage areas, inaccessible to C-fork
or cage loading, cargo slings are used on unit loads. Leaving
the slings on the loads expedites immediate discharge.

Containerized Unit Loads

Container methodology is being improved. Adaptation of unit
load size for rapid loading and unloading with small forklifts
can be accomplished by reducing the size of the unit load to
no more than 3 feet 6 inches wide and 3 feet 6 inches high,
permitting units to be stowed two-wide and two-high for the
length of the container.

12



Bridles and Slings

Bridles and slings of various types have been the traditional
cargo handlers for ships,

A bridle is a sling with a rigid bar to prevent the sling from
crushing the load or pallet edges. Bridles consist of two
slings with a bar and require a 5- to 6-inch lip overhang on
each end of the pallet. The pallet is picked up by sliding
the bar into the recessed lip area for hoisting. Of the many
variations of bridles or spreaders designed to lift cargo
without crushing or damaging, a prime example is the type used
for automobiles or vehicles which prevents the hoisting cables
from coming in contact with vehicle sides or ends,

Cargo slings (Figure 3) come in every size, length and capac-
ity possible, with no limitations on specific uses. The ad-
vent of the forklift, squeeze-1ift, or unit loads reduced and
relegated the use of slings to handling heavy equipment, steel
products, or units too large and heavy to be handled by pal-
lets, kridles and C-forks,

BElock Stowage

The development of larger oceangoing vessels and cargo han-
dling equipment necessitates stowing all types of cargo,
allowing 5~ to 15-ton drafts per hoist. To accomplish this
reguires both vertical and horizontal dunnage placed, at the
time of stowage, around each draft (or hoist); otherwise, the
discharging port would have to move the cargo out of solid
stowage into a position where slings could be placed around
the load preparatory to hoisting. With block stowage,

the discharging port merely slides the sling around the load
(separated by dunnage) and hoists it to the pier. Where car-
goes are preslung, one or more hooks in the eyes of splices
accomplish the hoist. Such operational expediency should be
considered when configuring the automatic load acquisition
system in ship loading and unloading operations,

2.2 ADVANCED LOAD ENGAGEMENT SYSTEM TECHNOLOGY

The present approach to lcad acquisition and engagement re-
quires one (or more) crewman on the ground or on the load to
engage the lifting lines with the attachment points, which
either are a part of the load or are the result of prior "load
preparation” for lifting. Each type of load may have differ-
ent engagement features, Industry-wide standardization of
load lifting features would facilitate and improve lifting
efficiency and enhance the automatic load acquisition opera-
tion,

13



Typical Tank-Hoisting Slings.

Figure 3
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In commercial maritime operations, only containerized cargo in
shore operations has been automated extensively, The lifting
frame and load must have no relative movement and must be
clearly visible to the crane operator., It is then possible to
lower the lifting frane to almost perfect alignment with the
load with no manual assistance.

Helicopter and commercial maritime load handling operations
are comparalkly similar. They differ primarily in the inher-
ently nonstatic state of the frame to load relation., To dis-
pense with the services of the ground crewman, the key feature
of most engagement techniques, is the objective of this review
of advanced load engagement technology.

Ideally, an automatic load engagement system would consist of
a helicopter-based device ¢ pable of mechanically duplicating
the functions currently performed by the ground crewman, To
support this contention, several pertinent cases of current
technology of automatic engagement of large physical objects
were scrutinized,

Deep Ocean Work and Rescue Systems

Development of most automated work devices in the area of deep
ccean work and rescue systems has occurred within the last
decade, prompted by:

1. Commercial ocean mining and drilling operations .

2. The Navy's interest in rescue vehicles to retrieve
sunken submarines, etc.

3. Intensified scientific int2rest in cceanography.
Deep ocean systems fall in two categories:
1. Marned, free-swimming vehicles.

2. Remote-controlled vehicles tethered to a surface
ship.

Free-swimming vehicles are used primarily for exploration of
the ocean floor, marine life research, as well as several
Navy search operations. A typical example is the ALVIN,

ALVIN (Figure 4), built for the Office of Naval Research, is

a 6000-foot-depth submarine-type vehicle equipped with an
articulated manipulator, sonar, and high-intensity light,

Four large portholes on the bow provide for observation of the
work site and for control of the manipulator.

15



Figure 4,
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The operator sits in a pressure sphere behind the viewing
portholes. The manipulator is a carry-over from a nuclear
"hot cell" manipulator. The articulated arm is powered by
electric DC motors through gear trains and controlled by
switches on a portable control hox. Experience with ALVIN
indicated that two manipulators would be an improvement: one
to hold the work and the other to perform the work.,

BEAVER (Fiqure 5) has two hydraulic work power tools (arms)
and two positioning arms that work with an anchor to hold the
vehicle in position durina job performance. From a folded
position, the manipulator can reach within a 6-foot radius
approximating human articulation., Piston-driven rack and
pinion actuators actuate pivot points. The control box (on
the surface ship) is arranged to provide a spatial correspond-
ence between the operator's hand motions and those of the tool
in the manipulator.

CURV, developed and operated by Naval Ordnance Test Station,
Pasadena, California, has been used for salvage and tethering
of sunken ships, aJ well as underwater cable inspection and
oceanographic research. CURV has one work manipulator of
simple design, capable of partial articulation and extension
of up to 10 feet. The actuation system is mainly hydraulic.
The primary work tool is a pair of forceps-like claws.

Electromagnetic Engagement of the Load

Ferrous material handling equipment employs electromagnets,
Such equipment could be utilized in handling boxes or con-
tainers appropriately reinforced and outfitted with a ferrous
lifting side. Electromagnetic pads are suspended from a load
spreader-like platform which harbors the necessary electrical
equipment for servicing the electromagnets,

2.3 AEROSPACE LOAD HANDLING DEVICES AND TECHNIQUES

The Astrotug

The Astrotuys is a space work vehicle equipped with an assort-
ment of tocls for performance of tasks in assembly, mainten-
ance and rapair of space stations. The vehicle has a
throttleable propulsion system for maneuvering, and instru-
mentatien for navigation and rendezvous with a space station.
A set of four remotely controlled manipulator arms is provided
at each end of the cylindrical body of the vehicle., The ma-
nipulators are controlled remotely by the crew in two work
stations inside the cylinder. The controls consist of a
scaled model of each manipulator arm in its proper position.
Movement of the model arm by the operator is exactly repeated,
through a servo loop, by the external manipulator arm. The

17



\ FPositioning
Arms

\
pull
L

¢ )

ey,

Figure 5. BEAVER Remotely Controlled Work System,

18



arms are powered by electric motors. The arms can handle a
variety of tools and can move lights and TV cameras into posi-
tion for close observation of the work «ite.

The Mobot

The Morot is an unmanned vehicle for maintenance and repair

of space vehicles, The vehicle can be cable controlled from

a command vehicle or radio controlled without any tethering
line. The "Molkot" manipulator arm can perform a variety of
complex tasks, such as adjusting controls and operating power
tools. Arter a learninjy period, an experienced human operator
of the mobot would become unaware of the controls linking him
to the machine and would identify himself with the mobot.

Such identification would result in the most efficient utili-
zation of the manipulator potential,

Manipulator Analysis

An anthropomorphic manipulator should duplicate most motions
possible to the human hand. 1In addition, it may be required
to have tactile sensonrs for handling delicate objects. Com-
plexity of the manipulator design resulting from attempts to
approximate the functions of a hand can become overwhelming.
Fortunately, many manipulator machines, other than prostheses,
are designed to fill a specific need in load handling opera-
tions, and the functions the manipulator is asked to perform
are limited to only a few.

2.4 CURRENT TECHNOLOGY FOR HELICOPTER EXTERNAL LOAD HANDLING

A review of the current methods for handling helicopter exter-
nal loads has shown this process to be strongly dependent on
manual-aid and highly nonstandardized load handling equipment
and techniques. Typical load handling equipment and tech-
niques necessary for preparation of Army aircraft and heli-
copters for lifting by a helicopter are described in Reference
1. The engagement of Army aircraft for lifting, as presented
there, is based on the "bellyband slinging" concept. Each
type of aircraft, in this concept, requires a different set of
slings. The sling and straps are made of reinforced nylon
roves, Straps are also used for safe-tying various elements
on the load.

A light airplane is prepared with two slings under the fuse-
lage at locations in front and aitt of the wing. The slings
are brought to a spanwise spreader bar. The lengths of the
sling lines are calculated to make the lifting force of the

l. Huebner, W. E., AERIAL RECOVERY KIT, Technical Report
68-2, Sikorsky Aircraft, June 1968,
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lines pass approximately through the center of gravity. The
propeller is secured against rotation and the wings are fitted
with spoilers to reduce the lift generated in flight to a neg-
ligible level. A drogue chute is attached at the tail for
stabilization in flight. Various positioning straps are also
necessary for the slings. The spreader bar would lie on the
top of the fuselage at the time of manual attachment of the
lifting line,

A typical twin-engine type airplane is prepared with slings in
a similar manner. Here the belly slings are brought to a
chord-wise spreader bar. The lifting "eye" is equipped with a
pulley which rides on the short spreader line for self-
adjustment to the airplane center of gravity. Propellers are
secured with straps, wings are fitted with spoilers, and cen-
trol surfaces are secured agiinst movement, A drogte chute is
attached for stability.

A light Army helicopter is prepared with slings under the
belly in a manner similar to the airplanes. An alternative
method of suspensicn is by the rotor blades at the hub., 1In
either case, the main rotor is secured to the tail cone and t~
the skids with nylon straps. The tail rotor is also secured.
Slings have to be of proper length to assuvre that the lifting
rorce pacsses through the helicopter center o: gravity., A
weathercocking chute is again attached for stability.

A tandem-rotor Army helicopter is prepared with long slings
under the belly. Positioning straps for the slings make the
sling bearing points stay in the prescribed locations., Two
spreader bars are used for this aircraft, corresponding to the
forward and aft slings. For handling this type of helicopter,
the rotors are removed from the craft. A minor dismantling of
the helicopter body is also necessarv for a proper accommoda-
tion of the sling 1l nes,

In all cases the crewman has to climb on the top of the craft
to engage the lifting line hanging down fro-m the lifting heli-
copter to the lifting "eye" on the sling harness. An assort-
ment of slings and straps tailored to each type of aircraft
together with some auxiliary equipment is packaqged into a
special container. The package is called "the aerial recov-
ery kit", The kit would be carried to the site of the craft
to be transported together with a ground crew of about six
men. The packing and unpacking of the contaiaer would take
about 10 minutes., A considerably longer time would have to be
allowed for actual preparation of the craft to be airlifted.

The concept and hardware of the aerial recovery kit reflect a

careful study which has gone into the problem of load prepara-
tion for aerial transport by helicopter. A concern in the
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design of the kit for load preparation has been along two
lines: (1) to prevent any structural damage to the craft to
be airlifted which might be incurred during air transporta-
tion, and (2) to prevent the load from adversely affecting
the flying qualities of the lifting helicopter while in trans-
fer,

Specific attention was given to the following items in load/
aircraft preparation:

1, Immobilizing of propellers or rotors.

2, Immobilizing flight controls and lifting surfaces
such that no undesirable motion could be excited
during flight.

3. Positioning of sling straps for best structural load
distribution.,

4., Prevention of load swinging or unstable gyratior in
flight.

2.5 APPLICABILITY TO CONTRACT OBJECTIVES

The results of the survey of current technology in cargo han-
dling indicated that:

1. Due to the large variety of load types, configura-
tions and lifting provisions, numerous types of han-
dling equipment are required in the cargo handling
operation.

2, Except for the handling of container loads, the
hookup and hoisting procedures are entirely manual,

3. The designs of the lifting provisions on various
types of helicopter external loads are highly non-
standardized.

4. Most of the current technology and equipment are not
directly suitable for use in automated load acquisi-
tion.

5. Innovative approaches are needed to achieve the de-

sign of a simple and versatile automated load acqui-
sition system,
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3.0 CATEGORIZATION OF HELICOPTER LOADS AND
ANALYSIS OF LIFTING PROVISIONS

Categorization of Helicopter External Loads

Based on the load data obtained from the transportability
guidance manual, the loads are categorized in the fcllowing
major groups: (1) logistics, (2) combat loads, (3) combat
support, (4) aircraft, (5) helicopters, and (6) special loads.
Load configurations and lifting provisions of typical Army
loads are identified and categorized, The piresent technology
in handling such loads and the equipment required to lift them
are also presented. The grouping and categorization of vari-
ous helicopter external loads are made based on their common-
ality in operational load types, load weight, configuration,
air transportability, and lifting provisions, Helicopter ex-
ternal loads are catego.ized as follows:

GROUP 1 - Logistics

1. Container
Conex
Milvan 8' x 8*' x 20
8' x 8' x 40
Racks & Gondolas
Pallets

2. Crane
5-Ton Crane
Wheel-Mounted 20-Ton Crane

3. Scraper
Towed, Earth-Moving Scraper

4, Tanker
M559 Tanker

5. Shovel
Tr:ck-Mounted 20-Ton Crane-Shovel

GROUP 2 - Combat Loads

l. Armored Recon Airborne-Assault Vehicle
M551

2. Armored Track Carrier
M113

3. Tracked Self-Propelled Howitzer
M110
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4, Self-Propelled Field Artillery Gun
M107

5. Tracked Mortar Carrier
M125
M106

6. Missile

Surface-to-ailr
Chaparral
HAWK
NIKE Hercules
SAM-D

Pattlefield Support
Lance
Honest Jckn
Pershing
Sergeant

7. Field Artillery
Hovitzer
Rocket Launcher

GROUP 3 - Comkat Support

l. Tracked Cargo Carrier
M548

2. Truck
M35, 24%-Ton, 6x6
M220, 2%-Ton, 6x6
M215
M55, 5-Ton, 6x6
M123, 10-Ton, 6x6

3., Semitrailer, Van
M128, 12-Ton Cargo Van
M127, Semitrailer
M270, Low-Bed Wrecker
M118, 6-Ton, 2-Wheel Stake

GROU2 4 -~ Aircraft

Observation Aircraft 0-1G, Bird Dog
Observation Aircraft OV-1D, Mohawk
Training, T-42A, Cochise
Utility, U-1A, Otter

" U-6A, Beaver

" U-8D, Seminole

" U-21, Ute
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GROUP 5 - Helicopters

OH-13, Sioux
OH-58, Kiowa
UH-1, Iroquois
OH-6A, Cayuse
TH-55, Osage
AH-1, Cobra
UH-19, Chickasaw
CH-53, Tarhe
CH-47, Chinook

GROUP 6 - Special

1. Bridge Section
CL 60, AVLB Bridge
Ferry Bridge Section

2. Construction Material
Landing Strip Plates
Poles
Prefabricated Walls

Information gathered and analyses made on the helicopter ex-
ternal loads and their grouping were used for:

1. Providing the design guide for configuring the auto-
matic load acquisition system,

2. Establishing the system requirements for automatic
lcad handling operation.

3. Evaluating the versatility of various HALAS designs
in handling different load types.

Analysis of Lifting Provisions

The purposes for analyzing the lifting provisions of various
loads are:

l. Ton examine the adaptability of the existing lifting
provisions for automated load acquisition,

2. To determine the appropriate acquisition device for
automatic hookup.

3. To optimize the HALAS design for handling many types
of loads.

The characteristics of typical Army helicopter lcads and the
design configuration of their lifting provisions are presented
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in Tables A-1 through A-4 of Appendix A,

The results of the analysis indicated that the lifting provi-
sions of various loads are highly nonstandardized even for
loads in the same group and category. The data also indi-
cated that some loads have no provisions at all for airlift-
ing. It is to be noted that the design configurations of
most of the lifting provisions shown are not suitable for
automatic load acquisition by helicopter. The rear lifting
provisions of practically all Army trucks are well hidden
under the truck bed, which is obscured when viewed from above
the load. 1In all the truck designs, the rear lifting pro-
visions are well recessed between the dual rear tires of

the truck, making it inaccessible from the top and not easily
accessible from the sides of the truck. This major Army load
is not easily adaptable to automated load acquisition without
modifying the lifting provision or attaching other lifting
provisions in preparing the loads for automatic acquisition.

Due to the nonstandardization and inadequacies of the lifting
provisions on most of the Army load types, a HALAS system to
hardle prepared loads will be more feasible and practical than
a system to handle completely unprepared loads.
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4.0 ESTABLISHMENT OF ARMY AIR TRANSPORTABILITY REQUIREMENTS

Introduction

In order to formulate and develop an effective automatic ex-
ternal load acquisition system for the Army helicopters, the
Army air transportability requirements are to be established,
applicable to both current and future helicopters with exter-
nal load handling capabilities, The Army air transportability
requirements were analyzed for the purpose of identifying
those critical operational and technical areas where external
load acquisition problems exist and where future problems are
anticipated. Automatic load acquisition capability includes
the identification of guidance and positioning information
during helicopter terminal approach, hover, station-keeping,
load acquisition, and departure under various flight condi-
tions such as rain, fog, snow, blowing dust, and other IFR
conditions when the target load is not visible to the pilot.

4,1 TYPICAL SCENARIO FOR HELICOPTER LOAD TRANSPORTATION
MISSION

Ground Point-To-Point Load Airlift

The load pickup area is, in general, away from the helicopter
staging depot. In the helicopter airlift system, four inter-
face functionaries are assumed:

l. Transportation Officer (T.O.). He is cognizant of
load staging areas, their geographic locations, and
inventory status. He responds to requests from Army
units or an Army command. He issues transportation
orders.

2, Dispatching Officer (D.O.). He is responsible for
the activity of a fleet of cargo helicopters:; he is
cognizant of the type, performance, and lifting cap-
abilities of the helicopters in the fleet: he is
cognizant of the current location, mission schedul-
ing, and active status of the cargo helicopters.

He selects the helicopter for the load order, and
assigns the crew and auxiliary lifting aids. He
contacts the officer responsible for the load pickup
area, determines the exact location of the load with-
in the pickup area, checks for landmarks, requests
identifying markings or landing aids, and checks the
weather and visibility conditions, He issues mission
orders,
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3. Lifting Officer (L.0O.). He is in command of the car-
go helicopter. He accepts the mission orders and
verbal instructions pertinent to the load lifting
mission, He procures a description of the load and
an isometric drawing or three-view drawing. He de-
cides on the lifting provisions either available on
the load or needed to be put on. He decides on the
type of lifting devices and equipment to carry. He
may request a support helicopter to carry equipment
for load preparation. He plans the mission for opti-
mal trade-off of the mission time, safety and air
transportability.

He requests special aids equipment for load acquisi-
tion in IFR conditions. He operates the lifting de-
vices, hookup devices, etc., for attachment to the
load; he controls the cargo helicopter over the load
and during acquisition, He gives flying orders to
the helicopter pilot,

4, Helicopter Pilot (H.P.). He flies the helicopter
between the destination points.

Mission

The T.O. issues orders for load pickup from an Army
depot X. Orders contain load description, its location,
destination, and time limit.

The D.O. accepts the order. He identifies the load in
the load handbook. On the mission order he fills in the
details of weight, c.g. position, and load group cate-
gory. This allows him to select or match the cargo heli-
copter. He may assign the lifting aids or let the L.O.
decide on what is needed. He calls the pickup area
officer and verifies the load. He makes a preliminary
check of the flying and pickup conditions and makes a
recommendation on the missica order. He checks the
schedule list for the assignment. He selects the heli-
copter of the proper capability and time availability.
Generally, the mission orders are issued daily; in emer-
gency cases the D,0, will identify the helicopter oper-
ating in the location nearest the pickup area and issue
the mission change order by two-way radio. A recorder
on board the cargo helicopter will be turned on for fu-
ture verification. He gives the mission orders to the
L.0., of the selected cargo helicopter.

The L.O, accepts the mission order., He verifies the

description and recommendations of the D.O, and makes
the mission plan. He examines the volume, weight, and
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lifting characteristics of the load by reference to the
L.O0. handbook, which will contain recommended lifting
and load acquisitionr hints for most of the standard type
loads. The L.O. may, at his option, select a different
procedure. Once the L.0. has decided on the mission
plan, he requests and procures such necessary aids as
lights, electronic aids and optical/electronic acquisi-
tion and ident‘fication aids. He decides on the method
of lifting und procures the necessary devices, includino
aero stabilization devices. If the load has no lifting
provisions, but is one of the standard loads, recommended
load preparation is descrited., The L.O. then contacts
the D.0. and asks that an advanced party be dispatched
with load preparation gear. He estimates his helicopter
takeoff time and contacts his H.P.

The H.P. checks the weather, maps the fastest route, and
makes the flight plan, He 1is responsible for the heli-
copter flight performance. At the time of lift-off, the
L.0O. checks all items of equipment he requested ard which
have been either put on board or attached to the heii-
copter by his ground crew. Getting to the locad area, the
H.P. uses either VFR or IFR, or any other advanced area
navigation systems within the equipment capability of the
helicopter.

It is assumed here that all load staging areas have
nucleus crews who are aware of the load pickup mission.
These crews would be equipped with two-way radios for
terrinal assistance in load acquisition. This will be
universally assumed for load acquisition of all kinds
with the exception of emergency pickup missions of people
in distress either on land or sea or important pieces of
military hardware which have been deserted by their
keepers. Such missions present a separate problem of
load identification which may require sophisticated de-
tection gear and procedures.

Acquisition of the loads in nonemergency conditions is
aided by directions over two-way radio, if necessary,
and therefore presents nc¢ major problem even in adverse
weather conditions.

The loads to ke picked up must (1) be in an open area
with no vertical obstacles taller than 50 feet and (2) be
isolated from other loads sufficiently for the pickup
equipment to be attached. These conditions cannot be
relaxed for obvious safety reasons. The L.O,, on finding
the situation otherwise, will abort the airlift mission,
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With the helicopter over the load, the load acquisition
phase begins, At an altitude of 100 feet, the H.P.
transfers the controls to the L.0. The L.O. has the view
of the load either directly or on closed-circuit TV dis-
play or both, The L.O. will control the helicopter alti-
tude and position over the load; the area illuminating
lights; observation points of TV cameras; and most im-
portant, the lowering, engagement, and attachment of
lines, frames or any other load engagement devices. If
he uses the manipulator, he will control the manipulator
operation through a remote control supervisory control

gripo

For load pickup from the ground, the helicopter automatic
stapilization will keep the helicopter station stable re-
lative to the ground. For load pickup from a ship, addi-
tional sophistication will have to be added to the sta-
bility equipment. Attitude motions of the ship relative
to the local level will be sensed with the ship's stable
platform or autcpilot gyros and the motion signals trans-
mitted to the helicopter stability and control coupler.
These signals will keep the helicopter stable relative to
the ship's deck. All other load acquisition procedures
will be the same as for the ground-based load.

4,2 TERMINAL APPROACH AND LOAD ACQUISITION CONSIDERATIONS

Air transportability requir ments for a helicopter automatic
load acquisition system (HALAS) arise from the proposed system
operational needs to achieve the desired performance: the
performance objective of the system is broadly defined as the
nonmanual acquisition of externally located loads for airborne
transfer,

The mission operations can be divided into four major parts:

l. Preflight

Issuance of mission urders including description of
the load, its geographic location, and required time
schedule for transfer.

Association of the load with one of the identifiable
load groups for the proper helicopter assignment,

Load preparation for automatic handling by local

ground crews or crews dispatched to the load area by
other means of conveyance.
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Flight planning including navigational aids, guidance
aids, terminal area weather, visibility, time of day,
and other environmental conditions.

Requisition of load acquisition kit and any other
foreseeable aids aimed at expediting the mission and
reducing the mission time needed for acquisition.
Enroute

Airborne flight carrying, either internally or ex-
ternally, the load acquisition gear,

Engagement of standard navigational aids.

Load Area Operations

A sequence of activities leading to load engage-
ment and lift-off (which shall be expanded below).

Departure
Capability to fly away with *the load.

Load Area Operations

The load area operations consist of:

1.

S.

Guidance and control of the load within the load
area (where load area is defined here as some area
ot positions corresponding to a navigational accu-
racy).

Load recognition and alignment; this includes iden-
tification of the load pickup provisions and their
locations.,

Hover/station-keeping in adverse weather or sea-
state conditions,

Lowering of the load acquisition devices to position
for engagement with the load; this includes the man-
in-the-loop control system aided by closed-circuit
TV,

Load lift-off and fly-away departure.

Items 1 and 2 are expanded in the following:

1.

Guidance and control of the load within the load
area,
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VFR Conditions

In VFR conditions, a visual search of the load area
will be sufficient., Loads ready for acquisition have
to be moved into areas clear of overhead obstruc-
tions.

A single load will be readily recognizable. A pickup
of one particular load from a yard of similar loads
has to be aided by some form of positive visual iden-
tification. Since many load acquisition missions
will be of this nature, rules for the proper opera-
tions have to be outlined,

The presence of cooperating ground crew at the load
area will streamline the operation and reduce time
waste, It appears that a requirement for such pres-
ence will be met in most actual situations automat-
ically; some emergency situations wiil have to be
treated separately. Transfer of loads will be pre-
arranged between units of a broader transportation
command.

At least one member of the yard or depot unit will be
cognizant of the load transfer mission, with particu-
lars of load type and its exact location within the
vard. Such individual will, using two-way radiotele-
phone, direct the helicopter to the load. If the
yard is the deck of a ship, voice instructions will
be sufficien: for the terminal guidance.

In VFR nighttime conditions, the two-way radiotele-
phone support may be combined with searchlights of
the helicopter. The general vrocedure for night
operations will be: (1) to a rive at the load area
several hundred feet above the terrain or ship

ero'igh for the searchlight to illuminate the whole of
the possible load area; (2) after a visual load
identification aided by the ground-based directions,
to descend to position over the correct load.

If visible searchlights are not allowed because of
the combat zone, the area may be illuminated by in-
visible infrared radiation or millimeter microwaves.
Suitable receivers will be able to detect the load
outlines. The load identification and terminal
guidance requiring no help from the ground crew would
follow the prccedure as used under IFR conditions,
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IFR Conditions

Load acquisition under IFR conditions requires more
complex preparation of the load area for the purpose
of load identification and homing.

Loads such as containers, or any other lcads which
can fit into a geometric grid pattern, can be bound-
ed by four corners of a rectangular area with four
beacons or beacon/transponders., The spacing of the
grid lines in two dimensions could either be known
from the flight orders or conveyed to the helicopter
by the ground crew. The particular load would then
be identified by some x, y coordinates within the
grid bounds. Such a system application is illus-
trated in Figure 6. The actual location of the load
wculd then be computed on-board and the positioning
guidance commands derived from the position errors,
Once over the load, the descent guidance would use a
simple algorithm reloting the distances of the trans-
ponders and the height above the load for descent
guidance along the local vertical at the load.

The beacons or transponders will have their signals
coded for proper identification. One form of semi-
automatic guidance would consist of guidance error
signals displayed to the pilot for his corrective
action. On arrival over the load and adjustment of
the hover clearance to the load, the pilot would
switch over to the automatic hover/station-keeping
control system. The beacon signals could be used
as the source of a stable position reference,

At the time of the load acquisition, the load officer
would adjust the helicopter position by adjustment

of the error signal biases driving the position con-
trol loops. Station-keeping hover stability will be
provided by the automatic attitude contrcl systenm,
Figure 7 illustrates the staticn-keeping and descent
system for load acquisition.
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Load Recognition and Alignment

VFR Conditions

Once the helicopter is in the hover position for load
acquisition, the pilot or load officer has to verify
the load by inspection, and has to align the heli-
copter to the load reference line. The altitude of
the acquisition or hover/station-keeping will depend
on the local ground conditions. It should be high
enough to clear obstruction and low enough for con-
trol of the engagement/acquisition devices, An im-
portant task of load recognition is identification of
the lifting pickup provisions. The load officer will
be aided in this task by either a reference manual
listing standard Army loads or by the descriptions
given in the transportation orders.
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IFR Conditions

In IFR and low visibility conditions, both the load
recognition and pickup provicions identification will
not be possible directly.

Alignment with the load and station-keeping for
acquisition will not be affected by visibility con-
ditions sinze these functions can rely on the micro-
wave aids.

An important assump:ion will be made at this point.
The visibility limitations, as described by such
ratings as FAA Cat 3 a,b,c, ~till admit visibility
at close ranges of some 10 feet or less, and simi-
larly for visibility reduced by snow, rain, dust or
sand. Therefore, image-sensing devices, when placed
within 10 feet or less of the load, should be capable
of examining the load and of identifying the lifting
p.ckup provisions. In the present approach to the
acquisition system, closed-circuit TV cameras are
placed on selected acquisition devices for the pur-
pose of (1) inspection of the load and (2) engage-
ment of the acaquisition devices using remote viewing.

TV receiver display n-board will be used by the load
officer in the control of the helicopter and acquisi-
tion devices for engagement and lock-on,

4.3 CONSIDERATIONS FOR ESTABLISHING THE ARMY AIR TRANSPORT-

ABILITY REQUIREMENTS

Critical Operational and Technical Areas of the HALAS

In general, terminal operations are the only areas where new
procedures, sensors, and displays have to be provided. The
difficulties stem from:

l.

2,

3.

Low lighting and visibility conditions at the termi-
nal area.

Load acquisition and engagement by on-board means
ir the above visibility conditions.

Remotely controlled engagement means and two-dimen-
sional viewing of the three-dimensional engagement
process.,

Station-keeping and control of the load acguisition
device for load acquisitior from platforms exper-
iencing six degrees cf frcedom motion.
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Hover/Station-Keeping Over the Land-Based Station

The helicopter stabilization-control system will provide
sufficient attitude stability in hover/station-keeping during
the load acquisition, Maintenance of the position over the
loz ' will require visual cues which are used by the pilot or
load officer for comparison with the desired position: the
position errors are then reduced manually. In low visibility
and adverse weather conditions with wind, keeping of the heli-
copter over the station will require position information of
the reference station. Such information could be supplied to
the helicopter by one or more station-based beacons. The
beacon signals would then be used as an indication of the load
position (single-fixed beacon) or as a means for computation
of the current helicopter position relative to the desired
position. The error signals would then be used for either
manual or automatic position correction.

Hover/Station-Keeping in Sea-State Conditions

Load acquisition from the deck of a ship presents a new prob-
lem: it is the deck of a ship that rolls and pitches relative
to the local-level-stabilized attitude system.

A load on the deck of a ship will present the following con-
ditions: (1) attitude motions of the load in pitch-and-roll,
and (2) positinn motions in three dimensions due to the ship
up-and-down motions on the crest of a wave and due to the
load offset from the center of the ship's rotation.

In general, load lift-off from a cargo ship will be aided by
four beacons or transponders designating a rectangular bound-
ary of the ship's hold. For position station-keeping, signal
returns from four beacons will be processed and the desired
information about the position over the load extracted there-
from. This data will indicate a line normal to the ship's
deck and passing through the particular load.

Considering now the motion of the deck, the intersection
point of the normal line at the load will move with the deck,
producing motion in the horizontal plane depending on the
distance from the ship's center of rotaticn (metacenter),

Thus, for an efficient load acquisition process, the acquisi-
tion devices must be: (1) stabilized relative to the ship's
deck, (2) have compensations for horizontal second vertical
motions (if significant) due to the deck elevation above the
ship's center of rotation, and (3) have compensation for the
ship's vertical motions due to riding parallel to the wave
crest,
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One proposed approach to the compersation would use the range
information from the helicopter to the four beacons on the
ship. Angular motions of the deck can be computed and re-
ferred to the local level attitude system available on board
the helicopter. Knowing the instantaneous attitude of the
deck in roll and pitch, the required resonant attitude changes
of the load acquisition device can be established. The re-
quired motions in the horizontal and vertical planes can also
be determined by calculation. In this manner the load acqui-
sition device will be stabilized to the load on the ship's
deck, the resonant attitude motions generated by the load de-
vice attitude control system, and the compensating horizontal
repositioning by movements of the helicopter while in hover/
station-keeping, as shown in Figure 8,

Alternatively, a direct data link from the ship's stable
platform could supply the attitude error signals for locking
the load device attitude control system to the ship's motions,

General Accuracy Requirements for the Acquisition Process

The accuracies required of the helicopter station-keeping
during acquisition of the load must be high enough to permit
proper engagement of the load acquisition device,
The relative position errors are due to:

1. The system errors (mostly of bias type),

2. Random dynamic disturbances.

3. Random relative motion (Brownian motion type).
Such motions will interfere with the engagement of the load
acquisition device and prolcng the engagement process. To

expedite the engagement, at least two approaches appear open.

1. To provide the engagement mating elements tolerant
to large relative motions.

2. To provide a temporary connection between the
acquisition device and the load which may eliminate
or attenuate all the relative errors, and particu-
larly the random type.
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Positioning Accuracy

Positioning of the helicopter in a station above the load will
require accuracies depending on the type of the load and the
acquisition device used. For example, engagement of the con-
tainers, as currently practiced in shore-based semiautomatic
maritime operations, requires almost no errors in placement
of the lifting frame on the container,

For the terminal guidance to the acquisition station above the
load, the accuracy must be of the order of half the size of
the load or better. Otherwise, a wrong load might be ac-
quired. If the smaller size of a general rectangular load is
8 feet, the guidance accuracy must be abnut 4 feet at the
load, or better.

Angular alignment is a part of the load acquisition problem
and is governed by the linear accuracy required for the load
engagement, An azimuth alignment prior to the acquisition
operation and at the end of the terminal guidance phase has

to be within small angles - 10 degrees or less. Thus,
positioning/station-keeping accuracies of the helicopter aktove
the load should be such as to result in the relative separa-
tion of the mating elements (for engagement) of not more than
4 feet (rms).

Vernier position adjustment of the acquisition device relative
to the load will be required for some .ype of engagement
process,

Load Engagement Devices

From the review of the air transportability mission, it is
evident that a detailed planning of the operation will be
essential to efficient load transfers. Load preparation for
lift-off will be a part of such planning. Preparation of the
load by placement or attachment of the appropriate gear must
be optimized not just for the particular load but for the
majority of load types which the air mobility service will be
required to handle.

Standardization of the lifting gear will be a partial answer
to this problem. Simplicity of the gear design, its use, and
ease of attachment to the load must be included in this con-
sideration, Ideally, the gear should allow engagement by the
helicopter acquisition devices within some margin of position
errors, thus eliminating the need for vernier relative posi-
tion adjustments., Time of the engagement operation should be
minimized, with the load preparation time kept reasonably low.
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It is important to note that although electronic systems are
needed for load identification, station-keeping, and load
engagement in low visibility, poor weather, and dynamic load-
ing conditions, the operation of the automatic load accuisi-
tion system should not be dependent on complex electronic
sensing and control systems. The automatic load acquisition
system should be designed to have the capability 'to achieve
load engagement with a dispersion of 1 to 3 feet between the
acquisition device and the lifting provision of the load.
This provides adequate performance under normal operating
conditions. 1In IFR conditions operating in poor visibility,
bad weather, and dynamic loading situations, electronic sens-
ing and control systems could be utilized to achieve the auto-
matic load acquisition with the same performance capability.

4,5 SUMMARY OF ARMY AIR TRANSPORTABILITY REQUIREMENTS

The Army air transportability requirements pertaining to the
design of automatic helicopter external load arcquisition
systems are summarized in the following.

1, The terminal guidance and load positioning system
should ke able to search, acquire, and guide the
helicopter over the loads under all weather condi-
tions such as rain, fog, snow, and blowing dust.

2. The automatic load acquisition system should have
the capability to engage the load from the hovering
helicopter without depending on the 2lectronic auto-
mated station-keeping flight control system. and the
complex sensing systems.

3. The automatic load acquisition system should have
the versatility for handling all the major Army heli-
copter loads.

4. The fundamental system design requirements are sim-
plicity in design, low overall system cost, high
reliability in operation, and acceptability in logis-
tics. If any attachment to the existing lifting pro-
visions of the loads is required for automatic acqui-
sition, logistic requirements should be carefully
examined.

S. The automatic load acauisition system should be oper-
able utilizing the current lifting sling and attach-
ments in airlifting operation of the helicopter ex-
ternal 1loads,
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5.0 PRESENTATION OF CONCEPTUAL SYSTEMS

Introductory Remarks

Zased on the results of the survey of current applicabhle
technology and the established system requirements, various
automatic load acquisition system concepts were conceived,

The presented concepts were generated with the following
major objectives,

1. Maximizing the utilization of cirrent technologv
developed.

2, Utilizing the existing lifting provisions of the
loads without modification,

3. Simplicity in overrs ' svstem desiqn,

4, Optimizing the svs versatility in handling all
tvpes of loads.

5. MNMinimizing operational and logistic problems,

These desian olkjectives are directlv in line with the estab-
lished system requirements. Not all the concepts presented
are practical or promising. They are documented for the pur-
pose of 1identifying the promising approaches, explorina prob-
lem areas, and generating more constructive ideas.
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5.1 ADJUSTABLE LIFTING CAGE CONCEPT

The lifting cage has long been another popular load transfer
device used in maritime cargo operations. The lifting cage
extends the frame approach upward to contain the vehicle
positively on the sides and underneath., Due to its rigidity,
the load and the cage swing together when subject to the
dynamic flight motions, reducing the load motion in the com-
plex pendulum mode. The disadvantages of the current lifting
cage are that the vehicles have to be individually driven into
the cage and rolled out of it, and tihe current device is not
adjustable and flexible to handling different types of
wheeled vehicles.

The proposed HALAS lifting cage system concept is an adjust-
able lifting cage system, Here the four lines of cables sup-
porting the frame, as in the tele;coping frame system, are re-
placed with rigid tubular side members hinged at the frame and
at the cross beams of the "I" spreader. The hinges will allow
the bottom frame tc ve telescoped around the vehicle wheels.

A truss locking feature is provided by diagonal hydraulic
jacks between the tukular side members and the "I" spreader
cross beams, Once the frame is contracted to the desired
size, the jacks are locked to prevent swinging of the load
relative to the "I" beam spreader., Adjustment of the "I"

beam in the longitudinal direction to conform to the amount of
telescoping given to the frame will complete the adjustment of
the cage for the particular load to be airlifted. This lift-
ing cage HALAS concept is illustrated in Figure 9.

5.2 AUTOMATED SPIDER GEAR/FRAME SYSTEM CONCEPT

Spider gear loading devices have been discussed in Section
2,1 in the review of the current state-of-the-art lifting
technology. They are used in dockside loading and unloading
of passenger car shipments. The device consists of two arms
with curved ends which are placed manually against the lower
part of the wheel tire. The curved ends go around the tire
treads. The arms of the spider gear could be adjusted and
locked around the wheel tire of the vehicle.

With all four tires secured by the spider gear, the vehicle is
lifted up by four cables or arms hanging from two hrroad
spreader bars. The broad bars, which are just above the
vehicle, are designed to prevent any part of the lifting gear
from tnuching the body of the vehicle.
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The spider g2ar concept permits the whole lifting system to be
made light and simple. The low weight of the device and the
load locking feature make the concept attractive for the auto-
mated approach.

In the automatic version, as shown in Figure 10, the proposed
automated spider gear/frame system concept, the most difficult
part would be the placement of the spider gear against the
tire. In order to accomplish that remotely, four arms sus-
pended and hinged at an "I" type spreader bar are first opened
sufficiently to clear the vehicle body. As the fore-and-aft
spacing of the cross beams on a telescoping spreader bar are
correctly adjusted for the particular load to be airlifted,
the arms could then be closed, enabling the gear to grip
around the wheel tire,.

To accomplish the load engagement, two factors must be pres-
ent: (1) the "I" spreader bar has to be aligned in the fore-
and-aft direction with some reference parts of the vehicle,
such as the front and rear bumpers: and (2) the height of the
spreader bar above the ground must be correct for the arms of
the spider gear t> encounter the lower part of the wheel tire.

To perform these two functions, the "I" spreader bar will be
capable of telescoping before engagement, The longitudinal
"1" beam member will be equipped with caliper type tubular
members extending down the proper length, compatible with the
spider arm length as shown in Figure 10. The tubular legs
will be ended with a foot-like appendage. For load engage-
ment, the vwhole frame is lowered over the load until the two
feet contact the ground. Next the "I" beam position is ad-
justed tn be approximately in the plane of symmetry of the
load. As the "I" beam is adjusted for the proper length of
the load, this will effectively align the lifting gear with
the vehicle wheels,

Further study is required to achieve a simple and effective
automatic alignment and engagement procedure for this system
concept.

5.3 TELESCOPING FRAME CONCEPT

The telescoping frame concept is an attempt to adapt the de-
sirable features of the container frame to handling of other
load types. The frame represents a fresh approach to the
automatic load acouisition. Since the objective of the auto-
matic system is to dispense with ground crewmen in the
engagement operation, it is unnecessary to make the system
duplicate man's function, such as placing the sling hooks
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into the lifting eyes as long as the load could be acquired
and lifted.

Many load tyves, and in particular Army tanks and tracked
vehicles, all have rectangular planform. The length and width
of such vehicle types does not vary appreciablv for certain
weight range., Two different sizes of frames could cover all
such load types for mecdivm and heavy lift helicopters.

The current prescribed method of loading and unloading such
vehicles is by lifting eves, which are visible and accessible
from the top of some (such as tanks, self-propelled guns, per-
sonnel carriers) and hidden from top view on many others (such
as trucks and service vehicles).

In the telescoping frame concept, the 1lifting eyes are dis-
regarded. The frame, of rectangular shape, i iowered to the
ground and appropriately frames the vehicle within, The tele-
scoping action allows the frame to be expanded such that a
clearance of some 7 feet all around is produced hetween the
vehicle and the frame. This clearance permits the frame to

be lowered over the vehicle without banging acainst the loads.
’he operation of load acquisition is fairly simple. Once on
the ground, the telescoping action is activated by the heli-
copter operator to contract the frame around the tank tracks.

In this version, the frame is of the telescoping type; the
track/wheel stopping wedges are adjustable to form a wedge
angle just right for the local slant of the vehicle track.
The frame would be ecuipped with short safety structure at the
front, aft and side to secure the load. 1In operation of en-
gagement, the frame is contracted around the tracks until the
fences contact the tracks at the level of the driving sprock-
et wheels. Then the automatically adjustable wedges hinged
at the tip corner of the wedge would Le pushed up ugainst the
tracks and locked in position. The supporting forces would
be distributed between the first driving wheel and the runner
wheel. The wedges and the supporting structure can be de-
signed to withstand the necessary loads.

The design features of the telescoping frame wouid include
four lifting lines from the frame corners to the double
spreader beam. The double spreader beam of "I" planform,
with the longer beam along the fore-and-aft axis, contains
the beam capable of telescoping adjustment to fit different
size loads. Such adjustment, however, is not related to -"e
actual engagement operation and could be done prior to the
mission. The cross members of the "I" spreader beam must be
broader than the contracted frame to avoid damage to the load
by contact with the lines.
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The telescoping action of the frame would be powered either
electrically or hydraulically. The best approach will be
determined in the design study, since the difference between
the contracted and fully expanded frame size will have to be
limited to only several feet of linear dimension (perhaps

4 feet for the cross members, 10 feet for the long members).
It seems that two sizes of frames would be reeded to fit the
spectrum of different load sizes for light and heavy lift
helicopter operation. Also, since the weight of the loads
can be varied up to 23 tons, the frames may have to he built
for several useful load ratings. Otherwise, it will he very
inefficient and uneconomicacl operationally due to a very poor
load-to-frame weight ratio when a frame capable of lifting
23 tons is used for lifting a lightweight load of about the
weight of the frame.

The configurations and characteristics of all the major Army
tanks and tracked vehicles that could ke airlifted by medium
and heavy lift helicopters have been analyzed. The basic
data useful for configuring the telescoping frame load acqui-
sition system for handling the major Army tanks and tracked
vehicles are summarized in Table 1.

For configuring the telescoping frame load accuisition system
for handling tanks and tracked vehicle type loads, the maxi-
mum and minimum length, width, and front and rear track-to-
ground clearance angle that cover the major types of Army
tanks and tracked vehicles that could be airlifted by medium
and heavy lift helicopters are as follows:

Length (In,) width (1In,) Front (Deq) Rear (Deq)
Min Max Min Max Min Max Min Max

191 265 106 128 20 33 13.5 43

It is estimated that an adjustable frame with maximum length

of approximately 26 feet, width of about 13 feet, and wedged

track support adjustable to a maximum of 45 degrees is suffi-
cient to handle all the major Army tanks and tracked vehicle

loads. The adjustable wedged track support could be designed
with two to three segments to form the necessa»y slope needed
to support the vehicles. This provision does not seem neces-
sary for supporting :he tanks and tracked vehicles. It seems
highly desirable to incorporate this design feature for han-

dling Army trucks and wheeled vehicles using the telescoping

frame HALAS concept.
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Application of Telescoping Frame HALAS Concept for Handling
Army Trucks and Wheeled Vehicles

The procedure for this application will be to lc.er the frame
to the ground around the load to be lifted, and then to lift
the frame until a contact is made with the underside of the
vehicle chassis structure, just aft of the front bumper and
just forward of the rear bumper. In this manner, the vehicle
would be lifted directly by its structural members. The sup-
porting forces would be at a higher level, close to the c.g.
level, improving overall load stability. Bypassing the wheels
and their elastic connection to the body eliminates some
troublesome degrees of freedom of motion in the dynamic flight
environment,

However, inspection of Army trucks and wheeled vehicles

has shown that only two major vehicle types, identified as 2%-
ton 6x6 M35 and 5-ton 6x6 M55 trucks, could possibly be lifted
by this method without incidental damage to other non-
structural appendages. Although these two types of Arny
trucks are popular in quantity, the application of this HALAS
concept to Army trucks and wheeled vehicles is limited.

This application seems more flexible when considering another
mode of engagement using this HALAS concept for handling Army
trucks and wheeled vehicles by providing the frame with wheel
locking wedges, front and aft, effectively lifting the vehi-
cles by their wheels, The wedges would be a part of the frame
structure and be capable of supporting the truck when sub-
jected to the expected dynamic load factors in flight trans-
fer., As an additional safety provision, in the event of large
dynamic swinging motions in flight, adjustable fences are
provided, front and aft, which are hinged at the frame. The
fences are made to contact the wheels at the axles' level and
be locked in this position. The truck would be contained on
the sides automatically by contracting the sides of the frame
against the wheels. Some padding of the side members would
prevent scratching of the load.

An additional retractable wedge, which could fit between the
rear two pairs of wheels (on the three-axled vehicles), was
considered for giving a nore secure containment when in flight
and for providing better loading distribution. The front and
rear stopping .nd supporting wheel wedges would impose hori-
zontal load componer.ts on the vehicle axles. Such loads may
be considerable under certain flight conditions., It is not
known at present what the allowable loads are for the Army
trucks and wheeled vehicles,
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Analysis of Telescoping Frame HALAS Concept

Typical Army tanks which were selected for this analysis
are M106, M113, M125, M548, M551, and M108. The wheel hrase,
vehicle length, track-to-ground clearance angle and the
height and size envelope are analyzed.

A clearance of 2 feet on all sides of the tank is assumed to
be a minimum clearance required in placing the telescoping
beam around the tank for airlifting operation., The basic
telescoping frame HALAS design consists of a base frame made
of an "I" beam, The base frame rests on the ground after
being lowered around the load. The extendable frame has an
extension length of 11.5 feet. Either two or four hyds;aulic
cylinders will be needed to provide the telescoping capa-
bility. The typical hydraulic cylinder that could be utilized
for this design has the following characteristics:

Bore 2 in,

Rod Diameter 1-3/8 in,

Thread Style-Intermediate Male
Cylinder Length 75-13/16 in.
Cylinder Stroke 69 in,
Cylinder Weight 82.6 1b

The maximum outside dimension of the telescoping frame is
about 30 feet by 12 feet, which will allow a 2-foot clearance
on all sides of the tank., The longitudinal si?es of the frame
could be adjusted to fit the particular wheel base and track-
to-ground clearance of the group of Army tanks considered for
this analysis. The approximate weight of the telescoping
frame design is about 2500 pounds structure weight plus 330
pounds hydraulic cylinder weight, or a total of about 2830
pounds. It is capable of lifting all the major typical Army
tanks up to 40,000 pounds, such as the M108 tank.

The advantage of the telescoping frame HALAS concept is that
it is fully automatic, and no preparation of the load is
necessary for automatic acquisition., The disadvantage of this
system concer,t is that not all the Army tracked vehicles can
be airlifted by this automatic load acquisition device.
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5.4 LIFTIXNG LOOP HALAS CONCEPT

One candidate for a universal type of HALAS will be described
in the following., If the basic type of the helicopter-based
engagement device is a hook, the proper gear on the load
should be some type of large loop permitting an engagement
within a limited volume of relative position errors.

The lifting loop concept is illustrated in Figures 11 and 12,
The load is provided with two triangle-shaped loops at the
short ends. The helicopcer-based hookup device has two arms
at the ends of a load beam. The device is lowered to the
proximity of the loops. Forward motion of the acquisition
arms and liftup will result in engagement of the loops by the
hooks for the initial position of the hooks anywhere within
the triangular space of the loops.

Hook

Figure 11. Lifting Loop HALAS Concept.
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It appears that the concept could be applied to a broad spec-
trum of load types. However, standardization of the ecuip-
ment may not be possibkle due to the dimensional variety and
locations of the existing lifting provisions.

Adaptations of the lifting loop concept to acquisition of
tanks, trucks, and aircraft are described in the following.

Tanks and Trucks

Standard provisions for lifting of tanks and trucks are pad-
eyes or lifting eyes. Most tracked vehicles have four pad-
eyes on the upper side. Such vehicles could be prepared for
automatic lift-off by at-achment of the lifting handle-type
gear as shown in Figure 13. The lugs of the padeye should
not be subjected to berding by the hoisting loads. A cross
beam is provided, therefore, to take the compression loads.

Such lifting handle-gear could become a part of the tracked
vehicle. When not in use, the loop would be laid down and
out of the way. For a lifting operation, the loop would be
raised to the vertical position: spring washers or friction
washers would be tightened to prevent the loop from falling
down to the retracted position.

The trucks usually have lifting eyes on the front and back.
One adaptation of the lifting loop concept to the lifting eyes
is shown in Figure 14, The engagement ends could be of the
hook type, hooking up directly on the lifting eyes. Addi-
tional brackets will have to be provided for holding the lift-
ing loop up. The trucks present a problem of their own if the
rear lifting eyes cannot be used for lifting the vehicle.
Special lugs are usually provided on three-axled vehicles.

The lugs are on the chassis frame between the rear axles. 1In
such cases the lifting loop concept could also be utilized by
adding an attachment to the lifting lugs.

Aircraft

The lifting handle-and-hook concept for lifting aircraft would
be used as follows., All Army aircraft require some kind of
preparation., The result of such preparation is some form of

lifting loop. Studies made by Sikorsky]' for assessment of
preparation gear and its placement on the load have shown that
unique lifting provisions need to be attached to each type of
Army aircraft. Sikorsky's investigations were aimed at a man-
ual load acquisition procedure: thus the lifting provisions
were of flexible ropc or strap-type which had te be lifted to
the hookup position by a crew member. Nevertheless, the gen-
eral approach to the configuration and placement of the
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lifting provisions is considered here as valid; the flexible
lifting provisions, however, will be replaced with rigid loops
capable of standing erect for the automatic acquisition. Cne
typical example of this is illustrated in Figure 15, Here the
Army aircraft is prepared for liftup by the fuselage. The
load preparation in this case consists of enclosing the fuse-
lage contour at two fuselage bulkhead locations with wide
saddle-type nylon straps. Triangular brackets are attached to
the strap, and the handle frame is belted to the brackets as
shown in Figure 16. Several sizes of straps and loops would
be required to service all Army aircraft types. Attention
must be paid to the placement of the brackets and to the
angles that the loops form with the bulkhead contour to pre-
vent the load from being crushed.

Another example of the strap-and-loop technique is shown in
Figure 16, where this technique is applied to a heavy heli-
copter fuselage. 1In the above examples, the lifting provi-
sions of the transporting helicopter were assumed to consist
of two lines coming down to some form of spreader beam, 1In
the case of only one line, the lift-up procedure can be mod-
ified bv either converting one line to two-point pickup with

a spreader beam or using a long enough loop so that the apexes
can be taped to form a single loop for one-hook pickup.

The lifting loop concept is attractive since it is relatively
simple to implement and, therefore, low in cost, It is suit-
able for both single-point and multi-point hookup, and it is

applicable to most Army loads.

For practically all of the tanks and the tracked vehicles
whirh are equipped with four upward-facing lifting padeyes,
the lifting loop represents a simple mechanization of the
automatic acquisition device. Two loops, one attached to the
front set of padeyes and the other to the rear set of padeyes,
make an arch longitudinally. The 1lifting loop could be boltead
directly to the lifting padeyes on the tanks or other loads.
The two lifting loops could be made to stand upward for a two-
point hookup, or the two lifting loops could be placed to-
gether at the top to form a common arch enabling a single-
point pickup. See Figure 17 for illustration,

These lifting loops for the tanks either could be a prefab-
ricated lifting loop assembly or it could be assembled from

a kit containing standard straight or curved members and the
hookup loop for lifting engagement. If the length of the
lifting loop is properly chosen and designed for the various
loads, the compression member at the base of the lifting loop
could probably be elimninited for most of the loads.
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The attachment of the lifting loop device for handling Army
trucks is not as simple as the attachment on the tanks de-
scribed above, due to the fact that on most of the trucks the
aft lifting provision is hidden under the chassis of the truck
and located between the two rear tandem wheels for most of the
three-axied wheeled vehicles., The lifting loop system concept
appears to be the most promising for handling this difficult
load. One 2ffective means of implementing this system concept
as applied to the truck load is as follows. Attach the front
lifting loop to the front set of the lifting paduye or rings
on the front bumper of the truck., Attach short lifting
adapter links to the side of the truck linking the lifting
pins under the chassis, effectively brirging the hidden lift-
ing pins outside of the vehicle chassis and to the side of the
truck. No additional loads are imposed on the vehicle in
doing this. This simple modification is desirable and highly
effective for either manual or automatic load acquisition by
helicopter. Based on this attached 1lifting adapter at the
rear of the truck, the lifting loop could then bhe attached to
this extended adapter on the side of the truck for two-point
pickup by the lifting helicopter,

The lifting loop HALAS concept could be applied to a large
variety of Army helicopter external loads. Wherever a desig-
nated lifting provision such as a lifting padeye, ring or pin
is available, the lifting loop could be easily attached to

the lifting provisions of the loads. The lifting loop could
also be designed for attachment to the loads that do not have
special lifting provisions, such as some of the howitzer gun
barrels and supporting structures., The lifting loop and its
attachment could be assembled with the use of a kit to fit
most of the major load tyres of interest. Since most of the
major loads would recuire some preparation for air transporta-
tion by helicopter, preparation to attach such simple lifting
loops on the load should present no problems. The attractive-
ness of the lifting loop HALAS concept from an operational
standpoint is that the engagement could be achieved by placing
the lifting hooks in the triangular or semicircular space
under the lifting loop and quiding by the lifting loop to the
hookup point. Thus, large initial position errors of the hook
in both vertical and horizontal sideways positions could be
tolerated to achieve hockup. The acquisition engagement time
will be shortened considerably when the proper hookup cpera-
tional approach is established and followed.

The versatility of the lifting loop HALAS system concept is
illustrated in Figure 18, The concept could be effectively
implemented for handling such major Army loads as tanks,
tracked vehicles, wheeled vehicles, pallets, gondolas, conex
containers, shelters, and howitzers, as well as aircraft.
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Conex containers or shelters have lifting provisions at the
top four corners. The lifting loop with end lugs could be
eax:.ly attached to the four corners and erected vertically for
lifting pickup. Attachment of the lifting loops to the gon-
dolas could also be made in a similar manner to the top of the
gondola for automatic lift-up by single- or two-point hookup.
Pallets for handling unitized loads in the future could also
be handled by the lifting loop attachment. Loops will be
attached to clear the cargo and to provide sufficient room for
hookup by the lifting hook automatically. Such lifting loops
could be made retractable on certain load types and be perna-
nently attached to some of the loads for effective acquisition
operation, Aircraft and helicopters could also be handled by
the lifting loop HALAS system. Special belt straps with the
lifting loops atirached could he strapped around the fuselage
of the aircraft at the appropriate locat:ons, such as the
bulkheads forward and aft of the wing for automatic load lift-
up operation. The size and configuration of the lifting loop
could be designed to suit various types of helicopter and air-
craft configurations for proper attachment and acquisition
engagement, Since most of the helicopters and aircraft have
to be pre-prepared for air transportation by helicopter any-
way, the utilization of such a lifting loop HALAS system could
standardize and greatly improve the efficiency of the hookup
preparation and equipment in providing capabilities for auto-
matic load acquisition by helicopter.

5.4.1 IMPLEMENTATION OF THE LIFTING LOOP HALAS SYSTEM CONCEPT

The implementation of the typical lifting loop and hook HALAS
concept using a tandem sling spreader beam is shown in Figure
19. The conceptual design of an erectable cargo lifting loop
is shown in Figure 20, The lifting loop is basically made of
steel cable imbedded in fiberglass sleeves which will provide
the erecting rigidity for vertical hookup. The center top
portion of the lifting loop is specially designed for hookup
engagement with the lifting sling hock. Various attachments
at the two ends of the lifting loop could be desigaed to fit
the lifting padeye or links of various load configurations.
For previding more room for maneuvering of the lifting hook,
effectively allowing more height and position error of the
lifting hook during the hookup engagement process, the lifting
loop could ke designed with a curved section to form a wider
arch as shown in Fiqgure 21, as corpared to the triangular con-
figuration formed by two straigh’ legs of the lifting loop.
In this curved lifting loop design, the bottom leg of the
lifting loop is curved and joined by a tubular steel straight
section to guide the lifting sling hook to the middle top
hookup loop for proper hookup. The curved lifting loop will
be straightened out under tight tension load during lift-up
and will return to curved arch while under a no-load
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condition. The widest opening of the lifting loop will be de-
termined by the lateral separation of the lifting padeye of
the load. The height of the 1lifting loop is adjustable, de-
rending on the load configurations and lifting requirements.
The height of the lifting loop could be adjusted by attaching
a standard extension section to the legs of the lifting loop.
With various designs of the attachment, the lifting loop could
be attached to many different load types for airlifting by
helicopter, requiring only minimal preparation.

The acquisition device to be carried by the helicopter con-
sists of a spreader beam, either adjustable or fixed, wita two
articulated arms with lifting hooks. The hook arms could bhe
activated remotely to swing in or out in a manner similar to
hands reaching down to l1ift a basket by its handles., The
typical design of the spreader beam with hook arms is shown

in Figure 22.

The 1ifting loop design, especially the one shown in Figure
21, provides a considerable amount of space to allow for
possible hook positioning errors in height and lateral excur-
sion, A lifting sling hook placed within the loop of the
lifting device covid be guided to the proper nookup positicn,
which is the top middle section of the lifting loop, without
requiring strenuous eftort for positioning and hookup. This
derign concept is perhaps one of the simplest that can be
mechanized for handling a large variety of major Army loads.
The design sketch shown in Figure 22 is approximately 1/20
scale of the actual size. The spreader beam design is chosen
to be 20 feet long, which is sufficient to take care of most
popular load types. The spreader beam with hook arms could
be desiqgned to have a telescoping feature to adjust the length
oi the spreader beam in order to handle a great variaty of
major loads. The length of the hook arms should be about 8
feet to permit proper adaptation of the hook spread to the
lifting loops. It wil! provide sufficient margin for the
position errors of the spreader beam relative to the lifting
loop such that engagement could be achieved with iittle if any
terminal positioning adjustment. The engagement concept using
lifting loops and hook arms on the spreader beam appears prom-
isir. 1ue to its simplicity and versatility. The operational
effectiveness reoguires some experimentation.

66



F 120" |

12" x &
Channal
!

Plane of
I Symmetry Jﬁf
[

View B-B

12"

Hydraulic
Jack

{ 4 ; View A-A
E Useful “—/—1= 1T
- ] Stroke
16" ’

View C-C

Square 3"

-
z// Channel or

Tube Section

104"
8.5

-
5

= I

L =

\ Angular

Excursion
5* Either Way

Figure 22, ™ypical Design of the Spreader Beam
With Hoc'. Arms for the Lifting Loop
HALAS Concept,

67



5.4.2 TONG-HOOK LOAD ACQUISITION DEVICE FOR LIFTING LOOP
HALAS CONCEPT

In a static loading environment, as the load and the acquisi-
tion device are relatively stable with respect to each other,
the engagement of the lifting loop by the twin-hook could be
achieved without any difficulty. However, a more positive and
effective engagement device is needed for the load acquisition
operation in a dynamic environment to allow greater height and
positioning error with respect to the lifting loop attached on
the load.

The design of the tong-hook load acquisition device for the
lifting loop HALAS concept is presented in Section 8.3.

For two-point sling hookup, two pairs of the tong-hooks will
be ecuipped at the fore and aft ends of the spreader beam.
Each tong-hook consists of two clamp arms that could be opened
and closed either mechanically or by electrically driven motor
and worm gear arrangement. A mechanical or electrical locking
mechanism could be provided for positive locking after hookup.
The opening and closing of the tong-hook mechanism by an elec-
tric-motor-driven worm gear design is illustrated in Figure
2373

After the proper positioning of the tong-hook load acquisition
device over the lifting loop of the lo0ad, the tong-hooks could
be swiftly closed. The lifting loops will then be enclosed in
the tong-hook. The proper positioning of the tong-hock accui-
sition device with respect to the 'oad does not recuire hign-
precision positioning and altitude hold capability of the
helicopter. It is estimated that if the height of the heli-
copter or the load acquisition device could hre controlled
within an accurzcy of 4 feet, and the longitudinal distance of
the acquisition device with respect to the lifting loop of the
load as well as the transverse or lateral position within 4
feet, the hookup engagement could be easily achieved. This
height and positioning hold capawility could be easily
achieved ry current cargo-carrying helicopters such as the
CH-54 and CH-47. The short-term altitude hold capability of
the above load-carrying helicopter is about 6 inches to 1
foot, and the short-term position hold capability is about 1
foot. The altitude hold and the position hold capabilities

of the heavy lift helicopter are 1uch better than the apove
stated figures for the current heavy load-carrying helicop-
ters. Although the requ red specifications are in terms of a
few inches, realisticall;y the heavv 1lift helicopter could
possibly achieve the height and positioning accuracy of with-
in about 1 foot. 1In view of these altitude and position
holding capabilities of the current and future heavy 1lift
helicopters, the proposed tong-hook load acquisition device
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for the lifting loop HALAS system concept could perform hookup
engagement without any difficulty. The proposed system is
particularly suitable for a two-point sling load pickup, which
is important for achieving in-flight load stability. The
proposed tong--hook load acquisition device could be utilized
for single-point sling hookup operation as well. In this
case, the lafting loop design will be slightly different from
the two-point sling hookup operation. FPosi‘ive hookup could
2lso be achieved by the proposed tong-hook load acquisicion
device within about a 4-foot cuke in height, longitudinai, and
lateral position accuracv,

Figure 24 illustrates one possible mode of hookup by the tong-
hook load acquisition device into the lifting loop. ‘hile the
tong-hook arms are closing, the lifting loop could be hooked
up by one side of the tong-hook. An especially designed hook
configuration as shown in Figure 24 cnables the tong-hook to
close and provides positive hookup.

It is predicted that the proposed tong-hook load acquisition
device could achieve more positive and efficient hookup of the
lifting loops than the plain twin-hook load acquisition device
previously presented. The actual operational advantaces of
these design approaches could onlv le realized by testirg.
Throuah the use of the lifting loop ~ttachments, all the /rmv
loads could he automatically acquired for ¢ir transvortation
v helicooter utilizing the proposed autonmatic load acruisi-
tion approach. The lifting loop/tong-hook H/L::S concept is a
universal automatic helicopter load acquisition svstem applic-
zble to ~11 the Army loads prepared prior to rookun.

In consideration of flight safety, it is mondatorv to incor-
porate some means for emergency release of the externzl load.
For the automatic load acquisition svstem decsian precented in
this section as well as various other conceptusl svstem de-
signs presented in this report, iz appears quite impracticol
to incorporate an emergencv load release mechanism at the
hookup point of the ~utomatic load acquisition device, The
lo~d release should be provided on the lifting sling support-
ina the automatic load acquisition cquipment from the heli-
copter,
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5.4.3 EXPLORATORY TESTING OF SMALL LIFTING LOOP AND HOOK
SYSTEM MCDELS

Simple small-scaled model testing was cor..ucted to verify the
lifting loop HALAS system concept and to investigate its oper-
ational problems. The small-scaled model of the lifting loop
acquisition device, a spreader beam with hook arms, is shown
in Figure 25. It 1is drawn in 1/20 scale of the actual dimen-
sion shown in Figure 22. The hook is attached to a tuhular
arm which is pivot mounted on the spreader beam. The motion
of the arms is activated by small electric motors (3-volt slot
car type of mini-eleciric motor) using a reduction gear con-
sisting of a long threaded shaft and a swivelled nut attached
to the arms of the hook. The complete test model setup con-
sists of a simulated typical load with twoc lifting loops, the
spreader beam witih hooks, hoisting mechanism capahle of winch-
ing the spreader beam acquisition device, and an electrically
activated control box,

The lengtli of the two lifting sling ~ables is 5 feet, corre-
sponding to 100 feet in actual length. 1In this simulated
operational test, the operator looks downward near ithe winch-
ing point of the simulated acquisition device. A viewing port
is provided for the operator through an aperture in the base-
board on which the winch of the load is mounted. The relative
position of the acquisition spreader tram and the simulated
load with lifting loops is arranged to provide proper per-
spective for the operator. The up-and-down winch movements of
the acqu.sition spreader beam and the lLook arm activation will
be governed by push-button switches on the control box. 1In
the future, the hovering motion of the heliconter and the
dynamics of the spreader beam acquisition device with the
helicopter should be introduced in the test setup in order to
explore the operational efficiency and special problem areas.
The objectives of this crude, small-scaled model testing are
threefold:

1. To verify the feasihility of the proposed concept in
simulated load acquisition approach,

2. To investigate the operational problems in load
acquisition and engagement of the hook and lifting
loop.

3. To determine the requirements of the system oper-
ational testing in a more realistic environment,
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5.4.4 EXPLORATORY MODEL TESTING OF LIFTING LOOP HALAS
CONCEPT

Exploratory Test Setup

A model of approximately 1/20 scale was assembled using mostly
off-the-shelf parts: only the threaded shaft was specially
machined. A facsimile of a conex container was equipped with
a pair of lifting loops at the two ends. The acquisition de-
vice consisted of two arms with hooks at the ends of a spread-
er beam, Two lifting lines were attached to the brackets on
the spreader beam. The hook arms were pivoted at two ends of
the spreader beam. A screw jack arrangement activated by min-
iature elecctric motors allowed the hook arms to be opened or
closed. A scaffolding consisting of two ladders about 5 feet
tall was used to support two wooden beams. A separate short
piece of wooden roarding was placed on the top of the beams

to represent the base of the helicopter. Two pulleys were
attached to the opposite edges of the board t- represent
winching mechanism for the lifting slings. A nylon fishline
wdas lowered over th. pulleys and attached to the lifting
brackets of the spreader beam with hook arms. The line, when
gripped by the hand of the operator, could be raised or low-
ered for positioning of the acquisition device, The power
supply wires were attached to the electric motors and the
other ends secured to the control box containing batteries

and a two-way switch. An operator sitting on the beams of

the scaffolding could look down at the load and at the acqui-
sition device through the gap between the two beams. The ex-
ploratory test setup is illustrated in Figure 26, By using
the 1/20-scale model and the separation height of 5 feet, this
setup approximates the relative view of the load and the
acouisition device that the load operator will see at about
100 feet altitude. Using the lifting line for control of the
engagement and the control box for actuation of the arms, the
operator could experience the problems of the acquisition
process.

Two situations were simulated in this test:
l. Relative static position
2. Relative dynamic position

The relative static position would correspond to stationary
load and condition of the helicopter position during load
acquisition operation. The relative dynamic position would
correspond more to the actual helicopter position while in
station-keeping over the load in the environment of moderate
gusts and turbulent conditions. The dynamic relative posi-ion
was simulated for motions in the horizontal plane only. This
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was accomplished by placing the load on a piece of wooden
boarding and subjecting it to motions about some fixed refer-
ence., Since only the relative motions of the helicopter, the
load acquisition device, and the load were of interest, such
motion could be simulated by moving the load relative to the
stationary helicopter base for creating the same effect,
Major observations and results of the exploratory test.ng are
summarized in the following section,

Major Observations and Results of the Exploratory Testing

Since the above described test setup is a simple pendulum, the
frequency of the pendulum oscillation is a function of the
pendulum length and therefore does not duplicate the frequency
of oscillations in the real environment. The motions olserved
in the scaled model exploratory experimert were several times
faster than those in the real operation. However, all the
problems encountered with the scaled exploratory model would
actually be present in the real situation except that the
sreed of the motion would be much slower.

Judgment of leight

It is sufficiently evident that the judgment of the height
between the load accuisition hook and the lifting loop was
fairly ditficult., The separation height ketween the heli-
copter and the load in the test was simulated to be about 100
feet, The problem will be greatly reduced if the helicopter
hovers at a much lower altitude during load acquisition, If
the helicopter hovers at 250 feet during load acquisition, it
will be extremely difficult to judge the relative distance
between the zcquisition device and the load. It is believed
that this difficulty would exist for any type of load acqui-
sition device. The performance and efficiency of other auto-
matic load acquisition systems would also be dependent upon
the altitude hold capa''ility of the helicopter.

Spreader Ream Fitch Angle Determination

The judgment of the pitch attitude of the spreader bezm with
the hook arms was one of the problems observed in the test.
Lowering of the load acquisition device while pitched to a
position for engagement resulted in a misengagement of one
hook or the other. 72n attempt at leveling off of the spreader
beam resulted in overcorrection and in inducing the pendulun
tvpe oscillation of the acquisition device. Such oscillatorv
motion could easily be induced by pitching of the acquisition
cevice. This is not believed to be a critical problem in a
real-lire situation since the pitching of the acquisition
device could onlvy he introduced by asymmetric winchina of the
sling cable or bv pitching the helicopter itself.
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Acymmetric Load Acguisition Engagement

The asymmetric hookup engagement could be caused by misjudg-
ment of the relative height between the hook and the loop,

the pitch attitude of the acquisition device, and the relative
motion between the acquisition device and the load. There may
be some benefit if the asvmmetric load hookup engagement c»uld
be used in the engagement operation in rough weather environ-
ment., The load engagement from a slow forward-flving heli-
copter will probably Le faster and more potitive in acquiring
the load when the load acauisition device is purposely pitched
upward. The pitch angle will have to he sufficient for the
forward hook arm to miss the rear lifting loop and enable the
rear hook arm to engage the rear lifting loop first. Once a
contact was made, both hook arms would be activated inward,
engaging the lifting loops. Such engagement maneuvers were
tried during the test and proved to ke quite successful,

Lead Time for Engagement

The pr~blems of load acquisition as featured above were in-
tensified when simulating a dynamic environment. In station-
ary helicopter load engagement situations, there was no proh-
lem in placing the acquisition device over the load. The
dynamic environment was simulated by inducing relative random
motions to the load with respect to the load acquisition de-
vice. The load was moved randomly about some fixed mean ref-
erence position. It is observed that the positioning of the
acquisition device over the load subjected to such random
motion was quite difficult. However, after a short time of
practicing, one gains proficiency and adopts a technique of
"leading" the acquisition device to load engagement. The
"leading" is done through a natural prediction of the acquisi-
tion device and the load's next relative position. This
assumes, of course, that the relative position of the acquisi-
tion device of the load could be seen at all times by the load
acquisition operator.

Station-Keeping Recuirements

The exploratory test indicated that the performance and effi-
ciency of the load acquisition system are dependent on the
station-keeping capabilities of the helicopter design. The
data on station-keeping capability for the current load-
carrying helicopters and the heavy lift helicopters are re-
quired in order to analyze and design the load acquisition
system. The altitude hold, the pitch, roll, and yaw attitude
hold, as well as the hover position hold accuracy of the
cargo-carrying helicopters are needed to determine the range
of movements required for the hook arms and their tolerable
excursions.
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Remarks

The problems encountered in the exploratory testing of the
lifting loop and hook HALAS concept do not appear to he crit-
ical. The visual perception of the relative heicht is perhaps
the most serious problem., To remedy this, some type of me-
chanical feeler device or relative height determinatisn based
on the zltimeter of the helicopter and cable length indicator
could ke mechanized to indicate the relative height between
the acquisition device and the load for the ‘cad accuisition
operator. The pitchina of the load acquisition device could
be solved by controlling the winching for koth sling cables.

The exploratory testing of the lifting loop and hook H-LAS
concept indicated that the concept could be easilv implemented
and that it is effective in automatic load acquisition. Con-
sidering the much slower relative motion between the acquisi-
tion device and the load in the real-world environment as
compared to the much faster oscillation encountered during the
test, there should be no difficulty for the lo: operator to
achieve the automatic load acquisition using this proposed
HALAS concept,

5.5 FORCEPS LOAD ACQUISITION CONCEPT

A concept for automatic handling of tracked and possibly
wheeled vehicles is the forceps system concept, The forceps
load acquisition concept is presentlv tailored for handling
tracked army vehicles., In this system corcept, the load
acquisition device consists of two pairs of scissor tvpe or
forcep arms pivoted about a tululer spreader heam, Two or
four lifting sling lines are assumed in this case and are
attached to the extended ends of the forcep arms. The botton
ends of the forcep arms are joined by a swivellable wedge pad.
The wedge angle of the wedge pad is made so that it will fit
a range of track-to-ground clearance angles of various types
of Army tanks, In load 1lifting, the wedged pad serves as 2
support for the leo- 1. The angular position of the wedge pad
relative to the forcep arms has some freedom of rotation and
is self-adjusting to a particular track angle. When not
loaded, the wedge angle will be set at a proper value for
fitting under the tracks without digging into the ground while
engaging the load. The extended short ends of the forcep arms
are joined by hydraulic actuator jacks. Viewed from the front
or rear, the forcep . >ad acquisition device looks like a pair
of frames capakble of swivelling at the upper horizontal
spreader beam. The forceps HALAS concept is illustrated in
Figure 27,

The load acquisition system operation is illustrated in Fiqure
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Figure 27, Forcep HALAS Design Concept.
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28, Two or four lifting sling linec are attached to the upper
hands of the forcep arms. The hydraulic jacks joining the
upper forcep arms are fully contracted so that the lower long
forcep arms are fully open. The large spacing letween the
front- and rear-wedged pads at the ends of the forcep arms
permits positioning and engagement of tracked vehicles with
considerable variation in vehicle length. The spacing is
sufficient to allow several feet of clearance between the
vehicle and the loading wedge. Once the forceps are lowered
to position over the load, the hydraulic actuvators are ener-
gized, moving the forcep arms down to engagement under the
front and rear edges of the tracks. With the wedged loading
pads firmly under the load, the hydraulic actuators are locked
so the engagement is completed. This forcep concept reduces
the complexitv of the automatic load acquisition device to one
cross spreader beam and two pairs of loading arms. The load-
inc arms will be of "I" beam construction with the maximum
depth at the main pivot, the depth corresponding to the maxi-
mum handing moment.

A rough estimate of the sizes involved is shown in the fol-
lowing: for a 20-ton payload, M108 Army tank, the forcep
arms should he about 15 feet long, with 3 feet as the extended
scissor arms on the other side of the pivot point. The mexi-
mum leam depth is about 12 inches, with "I" beam caps alkout

2 square inches in cross section areas using steel "I'" bheam
construction, The estimated tctal weight of the whole load
acquisition device is about 1200 pounds.

5.6 LIFTING STUD/FORK-CLA!W HALAS CONCEPT

The liftiria stud and forx-claw HALAS concept is applicable to
both the sinagle- and two-pcint hookup sling syvstem. This con-
cept 1is p¢rticularly attractive for single-point hookup.

Loads with lifting stud at'.achment could be hooked up and air-
lifted very efficiently. The lifting stud is a protruding
element on top of multilegged supporting rods. The rods
supporting the lifting stud s#/re made of essentially steel
cables imheddad in fiberglas. sleeves to provide erecting
rigidity. The lifting stud unit could be assembled into a
two-legged, three-legged or four-legged lifting device with
basic elements supplied ir a kit for various ioad type appli-
cations. Some type of folding arrangement with hinges at the
stud base could also be designed similar to the tripod support
ior a camera mount. This will allow the lifting stud with
suppo:-ting rods to be compacted for ease in cstorage, trans-
portation and installation. The desigqn of the 1ifting stud/
fork-claw HALAS system concept is 1illuctrated in Figure 29,

2s saowp in Figure 29, the load acquisition device is a fork-
claw design, The engagement approach is much like the opera-
tion of nail removal by a hammer claw., The open claw and
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Figure 28, Forcep Automatic Load Acquisition
System Operation,
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fork design features of the load acquisition device will pro-
vide guidance and hookup engagement, allowing for position
errors of the helicopter and acquisition device in the hookup
operation,

The hookup engagement of the lifting stud by the fork-claw
load acquisition device could he accomplished by two ap-
proaches. The hookup engagement could be accomplished by a
slow, horizontal motion of the helicopter guiding the fork-
claw acquisition device toward and into the lifting stud. The
other approach would be for the hovering helicopter to achieve
the hookup engagement by first positioning in the vicinity of
the lifting stud and then by operating the maneuvering line
attached *+ <the fork-claw acquisition device for terminal
hookup engagen.cnt,

The typical operation of the lifting stud/fork-claw HALAS
system concept is illustrated in Figure 30. In Fiqure 30 a
lifting stud on a tripod is attached to a typical howitzer
type of weapon load for automatic acquisition by the fork-
claw acquisition device., The efficiency of such an operation
could be greatly increased by a ground-based operator-in-the-
loop HALAS system especially in a bhad weather environment and
with poor visibilitv conditions coupled with a long sling
cakle in dynamic oscillation. Due to the simplicity of the
lifting stud design and its versatility in adaptation to var-
ious major loads, this system concept appears to he ruite
promising,

5.7 LIFTING STUD WITH SELF-GUIDING/HOMING RECEPTACLE HALAS
CONCEPT

Another version of the automatic load acquisition device for
hookup of the lifting stud is a self-guiding and terminal-
homing receptacle. The receptacle has a funnel-shaped opening
to be placed over the stud for guiding the stud to the clamp-
ing position. The load acquisition receptacle unit could be
lowered by a single sling line with positioning gquiding line
or could be mechanized for a two-point hookup operation. The
re-eptacle funnel opening is of large diameter to allow for
positioning errors. The system design of the lifting stud
with self-guiding/homing receptacle HALAS concept is illus-
trated in Figqure 3],

The stud and erecting lifting sunport design is much the same
as described in the previous section. The hookup receptacle
unit i1s equipped with self-quiding ani terminal-homing cir-
cular electromagnets placed at the funnel opening. On the
base of the lifting stud, a disk-shaped permanent magnet
coul”d be incorporated to enhance the automatic hookup.
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Figure 30, Typical Operation of the Lifting Stud/Fork-Claw
HALAS System Concept.
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Several ring-shaped circular magnets have been experimented
for investigating the terminal link-up guiding capability of
such a magnetic device. The results seem promising for the
HALAS application. Once the lifting stud and receptacle are
in place, spring-loaded prongs could be activated concen-
trically inward, locking the lifting stud in for lift-off.
This engagement could be accomplished by activation of sole-
noids which overcome the spring force of the prongs. The
electromagnetic mating ring on the receptacle opening could
also te activated to assist this engagement.

The svstem operation of this HALAS concept is illustrated irn
Figure 32, To optimize the efficiency of this [IALAS systen
concept, the helicopter must have positioning stability and
precision hovering capability over the load position. Modern-
day helicopters, and especiallv the heavy 1lift helicopters,
possess the positioning hold and precision hover capabilitv
sufficient to make this K/ALAS system concept practical. The
precision hover capability of the heavy 1lift helicopter to-
gether with the self-guiding and terminal-homing capatilities
of the acquisition device will make the automatic hookup easy
to achieve., The preparation required for the load to be air-
lifted is g-ite simple., For the application illustrated in
rigure 32, the lifting stud with tripod support could be
attached to the howitzer in a matter of a few minutes., This
HALAS system concept could alsc be mechanized for two-point
pickup of various major Army loads. Further analysis should
re conducted: design variations and engagement mechanization
are to be studied.

5.8 APPLICATION OF TECHNCLOGY IN MAGNETICS FOR AUTOMATIC
EXTERNAL LOAD ACQUISITION SYSTE!

Studies have been conducted to apply the technologv in maqg-
netics for automatic acquisition of helicopter external loads.
It was found that naanetic technologv could be utilized in

the following three major areas for the }ALAS designs:

1. Electromagnetic Load handlina devices

2. Terminal alignment and koming of the hookup
engaqgement

3. The locking and unlocking mechanism for the hookup
devices

Zlectromagnets have been used in the industry for hoisting
various heavy erjuipment and steel material. Based on the re-
sults of recent investigation and the information supplied bv
a leading manufacturer, large lifting capability of the elec-
tromagnet svstem over the deadweight of the svstem is
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Figure 32, Application of the Lifting Stud With Self-
Guiding/Homing Receptacle HALAS Concept.
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practical and low 1n cost. One typical electromagnet that
could be utilized for load handling devices weighs only atout
570 pounds. It is a circular magnet cf 20 inches diameter
and 7.75 inches heiaht, The maximum lifting capability is
25,000 pounds of load using 1,000 watts electricity. Modular
rectangular electromagnets are also availakle, The rectang-
ular electromagnets of 16 inches width by 8C inches length hy
8 inches height, weighing '600 pounds, have a maximum lifting
power of 55,000 pounds (27.5 tons), The electrical require-
ment for this rectangular electromagnet is 2400 watts DC. The
cost of the above-described circular electromagnets is onlv
akout $1500, The maximum lifting power could be achieved
provided that the surface of the load is smooth ana has ade-
guate thickness. As a general industrial practice, a margin
of safety of 2 is normally applied.

Lifting capability versus the magnet weight for the above
describted circular electromagnets is about 44 pounds per pound
of magnet weight. This factor is even higher for the 2-ton
lifting electromagnets, which weigh only about 65 pounds,
i.e., about 62 pounds per pound of magnet. This 2-ton lifting
circular electromagnet is 8.62 inches in diameter and 4 inches
thick., It takes '40 watts and costs only $200.

Due to the electromagnets’ high lifting capa! ility, low
system weight, low cost, and simplicity in mechanization for
achieving a fully cutomatic load acquisition, further explor-
ation of the use of electromagnets for HALAS application is
recomnended.

The following types cf loads could be efficientlv handled bv
the electromagnetic automatic load acquisition svsten:

Armor plates

Large steel tubing and bars
Large wire coils

Landing strip plates

Various tvpes of gun barrels
. PBridge fl~at assemblies

. Many types of bridge sections

NSOV DA W N
L]

The typical electromagnetic HALAS system concept is illus-
trated in Figure 33. T!'is electromagnetic load acquisition
system is fully automatic in that no lifting fixture or device
needs to be attached to the load, and engaging and disengaging
the acquisition device with the load are automatic.

As shown in Figure 33, two or four U-shaped electromagnets
could be attached to an adjustable spreader beam. Circular
electromagnets mounted on floating suspension could also be
attached to the adjustable spreader. Depending on the
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Typical nlectromacnetic TirLAS Svoten Concert.

Figure 3 3.
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configuration of the loads to be airlifted, either the cir-
cular electromagnets or the U-shaped magnets could be acti-
vated for automatic load acquisition. The spreader frame with
the electromagnets could be designed for handling large varia-
tions in the sizes und configurations of the above-listed
loads. The design configuration of the magnets should also
take into account the shear forces that may be present in an
airborne system hetween the load and the magnet. The maqgni-
tude of the shear forces is a function of the sling and load
configuration.

The application of the electromagnetic HALAS system concept
should te further explored and analyzed.

5.9 FULLY AUTOMATIC HELICOPTER LOAD ACQUISITION SYSTEM

Efforts have been directed in conceptual designs of two dis-
tinct types of automatic helicopter load acquisition svstems:

1. For prepared Army loads - in this case, some type
of lifting provisions will be attached to the loads
to be airlifted prior to the automatic hookup.

2. For the unprepared loads - in this case, the load
acquisition is fully automatic without prior prep-
aration of the loads by attaching lifting provisions
to the load to bhe airlifted.

The major preliminary decign goals for both tvpes of HALAS
design concepts are:

1. Simplicity in design and operation
2., Low system cost

3. Versatilityv in handling different helicopter load
types

4, Reasonable helicopter hovering time necessary in
load engagement operation,

In this section a candidate design concept meeting the design
goals for handling many tvpes of Armv helicopter loads in a
fullv automatic operation without preparing the load by at-
taching lifting provisions to the load prior to hookup is
descrihed. Most of the Army's heavv vehicles and tanks are
equipped with padeyes as lifting provisions. The lifting pad-
eves on all of the medium and heavy Zrmy tanks are well ex-
posed and symmetrical. The popular medium and heavy Army tank
group is selected for coniliTuring the fully automatic HALAS
design concert. The fully automatli~ HALAS design concept for
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handling unprepared ~Army locds tilizes existing lifting pro-
visions, padeyes and lifting r.ags as the load engagement ter-
minals. Inasmuch as these terminals are used in the manual
engagement of the lifting cables and hooks to the load, this
fully automatic HALAS concept attempts to accomplish the same
operation automaticallv. The description of the proposed
fully automatic !ALAS design concept is contained in the fol-
lowing sections:

5.9.1 System Concept Description
5.9.2 System Implementation
5.9.3 System Operation

5.9.4 Critical Discussion

5.9.1 SYSTEM CONCEPT DESCRIPTION

The fully automatic helicopter load acquisition system de-
scribed in this section would employ the existing lifting pro-
visions on the load for all the medium and heavy Army tanks.
The lifting provisions are in the form of padeyes locaced
about the four corners of the load. In the manual engagement,
the hooks of the lifting cables are engaged with respective
padeyes on the ioad. The manual process of the load engage-
ment consists of a few elementary operations:

1, Re:zching and grasping the hook of the sling cable
2. Seeking and locating the padeyes

3. Brirging the hook to the padeyes

4, Depriossing or releasing the hook's safety catch
5. Attachment of the hook to the padeye

The proposed syvstem concept could perform the above load en-
gagement process automatically. The capability of the pro-
posed system could be easily expanded to include all-weather
day and night operation as well as load acquisition with long
hoisting sling cables. For such a fully automated system with
all-weather day and night capabilities, the proposed system
is not overly complex as compared to the proposed lifting
loop/tong-hook HALAS design concept for autcmatic acquisition
of prepared Army loads. We believe that such a fully auto-
mated HALAS system design could be achieved with reasonable
complexity and cost for handling all types of unprepared Army
loads.
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An approach to the development of such an automatic HALAS de-
sign concept consists of the following mental steps. In tue
first step, the crewman is removed from direct contact with
the load to an imaminarv position on an overhead rectangular
spreader frame. The load acquisition spreader frame itself is
suspended either by sinale-point, two-point or four-point
sling suspension from the helicopter. The load acquisition
spreader frame could be placed at a distance of approximatelv
6 feet above the tanks, providing cdequate clearance bhetween
the lcad acquisition frame and the top of the tanks. 1In the
next step, the imaginary crewnan will be lving prone on the
load acquisition frame. From such a position he can observe
the load acquisition encgagement process. Since four sling
cables with hooks are generally required for airlifting a
tank, it is proposed that there will be “our sling cable lines
attached to the four corners of the load acquisition spreader
frame.

The question which can be asked at this point is: If the
sling cables with hooks are lowered to the vicinity of the
lifting padeve, how could the crewman improvise the necessar
tools to make a remote engagement? There mav he several so.
tions to this question, but the simplest device will consistc
of a single rod with a simple qgrip claw at the rod end. The
rod arm with arip claw could easily quide the sling hook, a
specially designed hook, to achieve the hookup into the lift-
ing padeye at a distance of 5 or € feet from the spreader
frame to the tank. Once the engecgement of the sling hook to
the lifting padeye is completed, the safety catch will be en-
gaged and the guiding rod will be left attached to the sling
hook but otherwise passive; that is, the guiding rod will not
carry any load,which will be taken ertirely by the sling cable
of the spreader frame directly transmitted to the helicopter
sling load hoir**ng cables. The final step will be to replace
the imagina.y crewman on the load acquisition frame and move
up to the sling load controlling cockpit in the helicopter,
where he can remotely control the guiding rod attached to the
corners of the load acquisition spreader frame. The guiding
rod will be designed with some telescoping capability in ex-
tending and contracting within a short distance. Longitudinel
and lateral motion of the guiding rod will be provided by
either small hydraulic jacks or electric screw jacks. The
three degrees of freedom of the gquiding rod are thus easily
provided. With simple load stabilization and alignment grip
pads to align and position the load acquisition spreader frame
with the load, together with the incorporation of a simple
display, the automatic hookup by the use of the hook guiding
rod could be achieved fairly effectively. The implementation
of the full' automatic HALAS design concept is descrired in
the next section,
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5.9.2 SYSTEM IMPLEMENTATION

Figure 34 illustrates the fullv automatic HALAS desican con-
cept. The system design consists of a rectangular load acqui-
sition spreader frame, with four load lifting sling cables,
four extendable hook guiding rods, and two load stabilizing
gripping pads. The purposes of the load acquisition spreader
frame are: ()) spreading of load lifting cahles to four lift-
ing cables®: (2) providing a base fecr mounting the hook quiding
rods and gripping pads: (3) providing a base for mounting a
small TV camera for close viewing of the engagement operation.
The size of the frame memter has bheen analvzed and optimized
for the tank group and is determined bv the compression loads
that can be carried by one universuel frame for handlina 2ll
tvpes of medium and heavy Armv tanks with minimum size and
weight. The transverse frame members act as a spreader bean,
The longitudinal spreader members will take compression load
components when the distance between the fore-and-aft load
lifting padeyes are shorter than the lonaitudinal frame length
between the fore-and-aft sling cablec ot the spreader frane.

A l-foot extenzion of the spreader frame is provided fore and
aft of the load acquisition frame to enable the hook guiding
rods to have adequate clearance to maneuver in quiding

the sling hook into the lifting padeyes for engaaement.

A group of Army medium and heavv tanks is selected to evaluate
the feasitility and implementation of this fullv z2utomatic
H:LAS design concept: tank models M108, M55, M113, 110,
M107, M:L48, M106 and M125. The bhasic spreader frame length is
optimized for the tank group to be 192 inches lonagitudinallv
and 100 inches laterallv, Based on the selected spreader
frame dimensions, the longitudinal ard lateral position enve-
lopes of the lifting padeves on the selected tank loads are
established, The padeve position envelores provide the extent
of guiding movements necessarv in the lonaitudinal and lateral
plane., The locations of the lifting padeves of the tank
groups, as viewed from the front of the loads, give the anqu-
lar novement and the vertical length required for the quidinag
rods to reach the lifting padeves of the tank, assuminag a 2-
fout clearance hetween the spreader frame and the top of the
load. The longitudinal side view of the liftinag pcdeve rosi-
tions of the tank group establishes the hook guiding rod
actuator length and stroke requirements. Based on the pre-
liminary design analysis, it is shown that the

hook guidinc rod and its actuator are reasonakly short and
tight in weight. It is estimated that a 7-foot hook auiding
rod with about 2 to 3 feet extensicn is sufficient to handle
all the tank confiqurations.
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Figure 34, Fully Automatic HALAS Design Concept
for Unprepared Army Loads.

The hook guiding rods are pivoted at the corners of tne two
auxiliary frames fore and aft of the basic spreader frame,
The lower ends of the hook guiding rod are connected to the
specially designed acquisition hooks connected to the load-
carrving sling cables., The conceptunl desiqgn of the hook

guiding rods with actuators and speciallv designed load acqui-

sition hooks is illustrated in Fiqure 35. The upper nivot
points of the hook guidino rods are of the hall-joint tvpe.
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The hook quiding rods, which are about 7 feet lonag, have 2~ tc
3-foot extensions made up of an actuator of either the hydrau-
lic or electric screwjack tvpe. Thus the hook guiding rods
are canable of controllina the nmovement of the sling hook
within a considerable spatial volume presented previouslv., ¢t
the far end of the extendahle piston rod of the hook guidirag

=

rods, a specially designed load acquisition hook is attached
as shown in Figure 35.
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Figure 35. Conceptual Design of Hook Guiding Rods With
Actuators and Specially Designed Load
Acquisition Hook,
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The controls of the hook guidina rods in the helicopter would
be of a single jovstick type. 7 is entirelv feasihle that
the engagement could be accomp i1:hed in pairs such as the
front and the rear padeve pairs. Therefore, individual auid-
ance of the hook to the padeve can be avoided to shorten the
;speed of engaqgement., Oy providing some simple display, the
load acquisition hcokup could te accomplishod with minimum
control movements by the load-cortrol crewman efficientlv,

After the engagement of the slinag hook to the lifting padeve
of the load, the actuators of the particular hook quiding rod
will Le set to free-floatina. This provision will prevent the
jacks from taking anv force of the load during lift-cff and
flight transportation.

The hooks, for o remote engacement with the lifting padeves,
are of the flat type, curved properly for the prdeve with a
long horizontal lower hook for slidina in and out sidewise of
the padeve. Special safety lockina catches will spring out to
lock the hooks over the padeves when the hookup is comnleted.

The electric or hydraulic svstem will bhe mounted on the
spreader frames. The command signal to the hook quiding rods
and jacks will be electrical and generated by the control
logic of tne load control systems in the helicopter., The dis-
engacement of the device from the load will alse e fully
automatic. The sling hooks will he disengaged and meved away
from the liftinqg padeves bv the hook quiding rods controlled
bv the load-control crewman. The total weiaht of the proposed
automatic load acquisition svstem is estimated to he about G50
pounds, which includes the load acquisition frame weigh. of
ebout 200 pounds ~nd the hydrzulic svstem weicht of about 400
pounds.

5.9.3 SYSTE!l CPLRATION

Operation of this automatic load acquisition svstem will re-
guire the load-control crewmen in the helicupter to first
lower the load acquisition device in the vicinity of the load
to be airlifted. The pilot or load-contro: crewman will then
maneuver the helicopter to place the load acquisition frame
cver the lo~d similar to the lnad engagement procedure for
picking up the containers. By using a closed-circuit TV
syster with smell cameras mounted on the fore-and-aft trans-
verse frame, the overall load, the lifting padeye, and the
hookup operaticn will be easily visible in all-weather, dav-
or-night, all-visibility conditions due to the close proximity
of the load acquisition frame to the lifting padeve. In the
worst case for the medium and heavy tank loads, the load ac-
quisition frame with the TV viewing camera will not be greater
than 7 feet from the lifting padeyes on the tank, including
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the 3-foot clearance between the spreader frame and th. *top of
the tank.

Through the use of simple display, the load-control crewman
could easily position the load acquisition frame with respect
to the load within the operating range of the hook guiding
rod, As the load acquisition frame is stabilized and aligned
by the engagement of the stabilizing pads, the load-control
crewman could efficiently hook up the padseye by moving the
hook guiding rod while viewing the operation through a simple
TV display.

Under ideal viewing conditions of bright dayl.ght, some form
of simple optical aid could be configured and mcunted on the
helicopter without the uue of a closed-circuit TV system on
the load acquisition frame. Under poor visibility and bad-
weather conditions, especially hoisting the load with long
sling cables, a closed-circuit TV system could be utilized

to overcome all the visibility problems for very little cost
and weight penalty using the current state-of-the-art technol-

ogy.

A joystick control is most suitable for controlling the oper-
ation uvf load engagement. The positior. of the hook cuiding
rod could be controlled in the longitudinal and lateral axes
in the horizontal plane as well as the extending and contract-
ing motion alonc the axis cf the hook guiding rod itself, To
improve the identification of the lifting padeyes and acquisi-
tion hooks during the load ergagement process, these parts
could be painted with iridescent paint ¢ . properly taped with
illuminating tape to provide visual aids in day, night, and
all-weather visibility conditions.

5.9.4 CRITICAL DISCUSSIOX

The proposed fully automatic helicopter load acquisition
system possesses all the capabilities of an ultimate system.
The capabilities and requirements of the ultimate system
should include the following:

1, Capable of handling all unprepared Army loads

2. Universally applicable to all Army loads

3. Capable of operating in all-weather, day, and night
visibility conditions

4, Capable of effective load engagement in hoisting
with long sling cable

5., Have short load engagement time
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6. Have reasonable cost, weight, and system complexity.

It does not seem likely that any automatic l.elicopter load
acquisition device that satisfies all the above-stated cap-
abilities and requirements could be as simple as a conven-
tional hook with some mechanical 1lifting provision. The
system complexity is obviously reduced considering an auto-
matic load acquisition system for handling prepared loads as
shown by the proposed lifting loop c.d tong-hook HALAS con-
cept. The automatic load acquisition system for handling
prepared loads might not be cost-effective if the overall cost
and logistic implications are considered, involving all types
of lifting attachments required for all types of loads and the
operational cost of the personnel involved in preparing the
loads. The tradeoff between these two approaches, considering
their operational advantages and overall system cost, is to be
studied.

The fully automatic helicopter load acquisition system de-
scribed in this section is configured assuming that the cur-
rent lifting provisions on the selected tank groups could he
utilized for helicopter air transportation. One important
possible development to be considered is that the present
lifting provisions on many current Army louads might not be
adequate strengthwise to be utilized for air transportation
by helicopter: it is inevitable that these inadequate lifting
provisions on some of the Army loads will have to be rede-
signed and replaced. It appears to be advantageous to develop
a universal mechanical coupling device suitable for automatic
helicopter load acquisition in line with future Army air
transportation requirements. The redesigned lifting provi-
sions on the loacds should incorporate features suitahle for
universal automatic load acquisition operation. ‘e are plan-
ning to verify the feasibility of the presented corcepts and
to study various possible means to improve the efficiency of
hookup for the presented fully automatic helicopter load ac-
quisition system that requires no preparation prior to air-
lifting.

5.10 MAGNETIC HOOK/LIFTING RING HALAS CO.ICEPT

5.10.1 SYSYTEM CONCEPT

The various design concepts presented previously could be
grouped in two major categories:

1., Automatic load acquisition through the use of a

lifting attachment to the existing lifting provisions
of the Army loads prior to airlifting.
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2. Automatic load acquisition utilizing the existing
lifting provisions of the Army loads without prep-
aration of the loads prior to airlifting.

Reappraisal of these two major system approaches of HALAS
concepts led to the formulation of a conceptual system ap-
proach which combines the features of the above two ap-
proaches. Although this system approach requires preparation
of the load to be airlifted by attaching a lifting adapter to
the existing lifting provisions of the load for automatic load
acquisition operation, it is not necessary to remove the lift-
ing adapter after load deliveryv or for subsequeat airlifting
operation, This one-time preparation of the load will enable
the load to be airlifted automatically without any further
preparation of the load for airlifting.

The proposed magnetic hook/lifting ring HALAS concept combines
the above two conceptual system approaches. After attachment
of the lifting adapter to the existing lifting provisions of
the Army loads, the loads could be automatically acquired sim-
ilar to handling unprepared loads. The important questions
posed here are the following:

1., What kind of interfacing hardware, *hat is, the ac-
guisition device between the hook and the lifting
provisions, could achieve automatic coupling without
complex mechanization and going through the "thread
and needle' operation?

2., How can the manipulator be eliminated without com-
promising the hookup capability?

In this proposed concept, an adjustable frame discussed in
Section 5.10.3 will be utilized for adjusting the spacing over
the lifting provisions of various loads so that the load ac-
quisition hook could be placed in the vicinity of the lifting
provisions as the spreader frame is properlv placed over the
load without using manipulators. A specially designed two-way
hook with electromagnetic lifting ring acquisition device 1is
attached to the end of the hook rods. The hook rods are at-
tached to the four corners of the adjustable spreader frame.
Lifting rings of appropriate size are to be attached to the
existing lifting provisions on the various loads such as the
lifting padeyes on the tank. The magnetic hook/lifting ring
HALAS concept is illustrated in Figure 36.
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The key design features of the system are as follows:

1, Oversized lifting rings are to he attached to the
existing padeyes or other lifting provisions on the
load. The attached lifting rings are free toc move
up and down, <ore and aft, pivoted about the axis
of the padeye in a fashion similar to that of the
lifting shackles on the front bumper of typical
Army trucks,

2, The specially designed two-way hook has a flat-
bottom hook lip. The fore-and-aft hook axis will ke
placed in line with the longitudinal axis of the
load.

3. The hook rods are attached to the corners of the
adjustable spreader frame by means of U-joints and
are arranged in such a way that the fore-and-aft hook
axis will always be aligned approximately along the
longitudinal axis of the load, yet it could move in
all directions under the U-joint. An electromagnetic
device is placed above the hook such that the magnet-
ic flux pattern will attract the attached lifting
rings on the padeyes in both the fore and aft posi-
tions.

4, A special snap-in safety hook design will be inte-
grated into the load acquisition hock. This snap-in
safety hook could be operated either mechanically or
electromechanically for releasing the load and could
provide spring loaded free lock-ir. feature,

The operation of the magnetic hook/lifting ring HALAS concept
is as follows. The adjustable load acquisition frame is
lowered to the vicinity of the padeyes on the load. It is
assumed that the helicopter with the load acquisition frame
could bhe positioned over the load within 1 foot of the padeyes
on the load in vertical, longitudinal, and lateral positions.
This accuracy requirement is comparable to that of the heavy
lift helicopter in container load acquisition by utilizing a
specially designed container acquisition frame. As the mag-
netic hook is placed within 1 cubic foot of the lifting pro-
vision with the lifting ring attached, the electromagnetic
ring attracting device will be activated. Due to the magnetic
flux pattern of the electromagnets, the lifting rings will be
lifted and attracted to the magnets. The hooks could then
engage the lifting rings.

A special snap-on safety hook is currently being designed for
the application of this automatic HALAS concept.
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5.10.2 FEASIBILITY MODEL TESTING

In order to check out the feasibility of the magnetic hook/
lifting ring HALAS concept, a scaled model made of a single
rod with flat hook and a permanent magnet was assembled. Then
a scaled model of the load acquisition frame and four rods
with hooks and lifting ring attracting magnets was assembled.
The scaled feasibility model for testing the magnetic hook/
lifting ring HALAS concept is illustrated in Figure 37. ‘“he
small permanent magnet attached to the hook and rod has been
proven to be effective in attracting the lifting ring to
achieve a hookup. The padeyes and the attached lifting rings
were fabricated from ferrous wire. The four padeyes with the
lifting rings were then attached to a plate simulating the
lifting padeyes on a typical tank configuration. A suitable
length of thin wire was used to suspend the load acquisition
frame from a horizontal bar simulating the helicopter.

To operate the system, the simulated tank with lifting padeyes
and attached lifting rings was placed on the floor:; the acqui-
sition device was lifted by using the suspension bar, and was
brought to position over the padeyes simulating the hovering
helicopter in the load acquisition operation. By placing the
two-wey hook in the vicinity of the lifting rings in such a
distance equivalent to within 1 cubic foot of dispersion vol-
ume in the true life situation, it was shown that the lifting
rings were attracted by the magnet and the hookup could be
easily accomplished. The magnetic attraction of the magnetic
hook was also found to be beneficial in damping some initial
random oscillations of the hook rods and in providing the
homing guidance for the coupling of the hook and the lifting
rings. The process of hooking up of all four hooks with the
lifting rings was surprisingly fast. The dwell times for the
hookup range from 10 to 30 seconds.

5.10.3 DESIGN OF ADJUSTABLE LOAD SPREADER FRAME FOR MAGNETIC
HOOK/LIFTING RING HALAS APPROACH

There are two design approaches to accomplish hcnkup by the
hook rod. One approach is to use a fixed rod spreader frame
with length optimized for various groups of loads. The hook
arm would then be adjustable in the x-y horizontal plane by
hydraulic actuators attached to the hook rod and the spreader
frame, similar to the design approaches for the manipulator
load acquisition system coucept proposed previously. If we
are to eliminate the hydraulic actuator and to make the load
acquisition system operate in a passive mode, then the load
acquisition frame will have to be made adjustable in order to
handle various loads.
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One conceptual design approach for such an adjustable spreader
srame design is illustrated in Figure 38, This adjustable
spreader frame consists of a basic frame and an extendable
frame in the longitudinal direction. The lateral adjustment
of the lifting hook rods is wmade internally. The adjustment
of the longitudinal and transverse lifting hook rods' position
is accomplished by screw jack mechanizaztion powered by an
electric motor. The extendable portion of the frame and the
crosswise beam is connected in such a way that will prevent
binding due to uneven telescoping drive of the longitudinal
frame as shown in Figure 38,

The longitudinal beam length, transverse beam length, and
hook arm length requirements are tabulated in Table 2 for
typical tank and truck configurations. As seen in Table 2,
the maximum and minimum longitudinal beam lengths are 267 and
146 feet. The maximum and minimum of the transverse beam
length are 100 and 32 feet. The length of the hook rods from
the spreader frame to the lifting provisions of various loads
should be no greater than 111 and no less than 51 feet. The
above hook length requirements are established assuming a 2-
foot clearance between the top of the loads and the spreader
frame,

5.10.4 APPLICATION OF MAGNETIC HOOK/LIFTING RING HAJI.AS
CONCEPT

The proposed magnetic hook/lifting ring HALAS concept could
also be applied to the automatic acquisition of typical Army
trucks. Slight modification or preparation of the typical
trucks is necessary. The attachment of the lifting adapter
to the existing lifting provision between the rear drive
wheels beneath the truck bed is a mandatory preparation. The
design of such a lifting adapter is described and discussed
in Section 5.10.2. Larger shackles will also be neede< to
replace those currently attached to the front bumper of the
truck., These modifications described above are relatively
simple to implement. The lifting sling adapter for the rear
lift point and the oversized lifting shackle on the front
bumper could be designed as a one-time permanent modification
of the load. With such preparation, the truck would then be
suitable for automatic acquisition by the magnetic hook/lift-
ing ring HALAS approach, or bv the previously presented active
arm HALAS concept. The distance between the pickup points
generally varies for different load types. The overall spac-
ing of all the pickup points varies for different types of
trucks. Such variation will be accommodated by using the
adjustable load spreader frame as described in Section 5.10.3
for use in conjunction with the magnetic hook/lifting ring
HALAS concept in handling various types of loads.
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Magnetic Hook/Lifting Ring HALAS Concept.
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In operation, as illustrated in Figure 39, the spreader frame
with the lifting hooks will be loweved to the truck to be air-
lifted. By positioning the load acquisition frame within 1
cubic foot with respect to the lifting provisions of the load,
the electromagnetic lifting ring attracting device will be
activated to attract the lifting ring and accomplish the hook-
up. In delivering the load, the electromagnet will be deacti-
vated and the safety lock will be cpened for release of the
load either mechanically or electromechanically. Thus, the
lifting rings of the load will be unhooked automatically for
load release,

Design of Lifting Adapter to the Existing Lifting Provision
Between Rear Drive Wheels for Typical Trucks

From the automatic load acquisition standpoint, the critical
problem for handling Army trucks is the rear-end hookup en-
gagement. Most Army trucks have two driving axles at the rear
driving the four wheels., The two lifting points of the rear
of the truck are placed on the axle assembly, reachable only
beneath the truck bed and between each pair of rear wheels.
The front end of the truck is equipped with lifting shackles
hanging over the bumper.

The current method of manual hookup by attaching the lifting
sling to the rear lifting provisions betwe=n the wheels under-
neath the truck bed is not problematic, but it is very incon-
venient and inefficient for the hookup operation. For acheiv-
ing the automatic hookup, the engagement of the rear lifting
points of the truck presents a very difficult problem. Any
automatic acquisition device lowered fiom the helicopter will
have great difficulty reaching under the vehicle chassis

and between the driving wheels beneath the truck bed. To
facilitate automatic hookup, all lifting points should be made
visible and unobstructed from the top.

Therefore, the important step which must be taken in making
the trucks suitable for automatic engagement using the current
existing lifting provisions is tc bring the rear lifting pro-
visions outside the hidden positions. Two approaches are
suggested in this report as follows.

Lifting adapters such as the one illustrated in Figure 40
could be used for this purpose. The rear lifting adapter for
the trucks consists of an adapter rod with fittings that can
be attached to the existing lifting points of the truck be-
tween the wheels, The rear lifting adapter will be supported
by a folding jack assembly that will keep the adapter fairly
close to the corner of the truck bed without actually attach-
ing to the truck bed., Lifting rings will be attached to the
upper end of the lifting adapter. Depending on the automated
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pickup device, proper lifting provisions could be attached at
the upper end of the lifting adapter in place of the lifting
rings used for the magnetic hook/lifting ring HALAS system
concept.

One other approach for attaching the lifting sling extension
to the lifting provisions located between the drive wheels
under the rear truck bed is illustrated in Figure 41, A
coated wire rope sling may be used at one end of the lifting
sling adapter. An adapter fitting is incorporated for attach-
ing to the lifuing provisions on the truck axle, A closure on
the adapter is bolted in place after attaching to the lifting
point. A corner protector can be secured on the corner of the
truck bed. Such a corner protector design is illustrated in
Figure 42, The sling adapter cable is free to move up and
down through the corner protector guide. When lifted up by
the load lifting sling, the adapter will be in tension, pick-
ing up the loada at the current lifting points between the rear
driving wheels of most Army trucks. By utilizing such a lift-
ing sling adapter device, most typical Army trucks could then
be automatically acquired by the various proposed HALAS
systems.

5.10.5 FEASIBILITY MODEL TESTING OF THE MAGNETIC HOOK HALAS
CONCEPT

One of the latest concepts for automatic load acquisition has
been based on magnet-aided hooks - in short, magnetic hook
HALAS concept. This concept was described in Section 5,.10.4,
and it appears to have the advantages of the automatic load
acquisition systems for both prepared and unprepared loads.

A certain amount of testing has been done on a scaled model
of the design concept, and the results are most encouraging.
A discussion of the model, tests and results is included in
the follcwing section,

Feasibility Test Model

The magnetic hook HALAS concept is applicable to engagement of
any type of helicopter loads. The load side of the system
ccnsists of a minor modification to the 1lifting provisions,
which is the attachment of lifting shackles directly to the
padeyes of the load. The airborne acquisition device consists
of a rectangular frame with four lifting rods. The rods are
equipped with magnetic hooks at their lower ends: the hooks
are also of a special kind with flattened lower lip. On the
lifting rods, just above the hooks, are electromagnets whose
axes or directions of the magnetic force are horizontal and
parallel to the plane of the hooks. In operation, the frame
with the rods is lowered over the load such that the hooks are
aimed roughly at the lifting eyes of the load. Once the
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Figure 42, Corner Protector Design for Lifting
Sling Adapter on Typical Trucks.
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magnetic hook is in the vicinity of the attached lifting
shackles on the load, the magnets then, with their magnetic
attraction, perform a prox.mity homing function to engagement.
This is the basic concept :or which a scaled model has been
built.

The model is made to approximately 1/12 scale. The load is
simulated by a rectangular plate made of mild steel. The
ferrous material is necessary to assess its effect on the
magnetic homing action. The rectangular shape represents the
planform of a vehicle. A better simulation of tanks is pro-
vided by bending the plate about a crosswise axis. This gives
down-sloping panels similar to the fore-and-aft panels of a
tank where the padeyes are located. Four brackets simulating
padeyes are attached to the plate at its corners. The attach-
ed lifting shackles are simulated by ferrous rings attached

to the brackets. The acquisition device consists of a fixed
spreader bar type frame with short metal stubs facing down and
ended with eyes for attachment of the lifting rods. The lift-
ing rods are made to correspond appreoximately to 6 to 7 feet
of actual length, The upper ends of the rods are formed into
eyes for attachment to the stubs; the lower ends are shaped
into shallow hooks. Small, permanent type magnets are attached
to the rods just above the hooks. The frame is suspended

by two lifting lines branching out to four corners of the
frame through an intermediate, longitudinal spreader bar.

When assembled and suspended by the two lines, the model ot
the acquisition device has the hooks, on four of the lifting
rods, all aligned along the fore-and-aft axis of the device.

Automatic Load Acquisition Tests

In the initial set of tests, the plate simulating the vehicle
was flat., The rings, simulating the lifting shackles, were
then oriented all in one direction, i.e., either fore or aft
on the plate., The hooks at the ends of the rods were made of
double "Janus" type, or back-to-back. The acquisition device,
when lowered to the plate, had the hooks aligned along the
long axis of the plate. The actual engagement was effected
from a slow pass of the hooks (acquisition device) toward the
attached l:.fting shackles. In the process, the magnets would
become attracted to the lifting shackles, resulting in a form
of autom:tic homing action. The attractive force would first
raise the lifting shackles off the plate: then the hook would
slip under the shackle, completing the engagement,

In more recent tests, the plate simulating the vehicle was

replaced by a plate bent down slightly about the middle. The
lifting shackles on the sloping-down panels were made to hang
downslope on both sides, making their orientation opposite for
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the two pairs. The present lifting shackles represent about

6 inches in diameter. The frame with lifting rods was lowered
to the plate from a direct overhead position. The engagement
process consisted of hookirg up the front or rear pair of
lifting shackles at a time. This procedure was more exacting
than the one required for the flat plate. However, it pre-
sented no detriment to the overall engagement effectiveness.
Figure 43 illustrates the feasibility test model setup.

To establish some basis for assessment of the acquisition en-
gagement performance of this concept, the acquisition phase
was timed and averaged over a number of runs., For 20 ap-
proaches from a position of 2 feet (corresponding to 24 feet
in actual condition) above and to the side of the plate, the
engagement was completed in 15 seconds, on the average.
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6,0 DEVELOPMENT OF SVYSTEM TRADE-OFF METHODOLOGY

More than 10 conceptual HALAS systems have been presented in
previous sections. Methodology for assessing system etfec-
tiveness and system trade-off has to be developed to evaluate
the relative merits of the conceptual HALAS concepts. The
evaluation criteria must be broad enough to encompass general
system considerations and detailed enough to reflect the crit-
ical areas of the actual problem. The conceptual system as-
sessment will then be based on ascribing to the evaluation
criteria an appropriate numerical level and on arriving at the
point count total. A comparison of the total counts will in-
dicate the relative effectiveness of the HALAS systen.

In application to HALAS concepts, the methodology for the
system assessment is described in the following., Each system
consideration is allocated a number of points making up 1000
points for the maximum total. For a particular candidate
HALAS system, the total grade point count can be used directly
to compare the relative merits of various system design con-
cepts. This grading system, when executnd without bias,
should indicate not only the relative m:rits of a particular
design but also the degree of approach to the ideal design
which would have the point count value of 1000.

Design concepts for the HALAS system are, in effect, different
candidate solutions to the same problem. The system consider-
ations to be used in the concept assessment are broad enough
to fit many systems for different problems; however, when in-
terpreted in the light of the particular problem such as
HALAS, the factors serve to establish the quality profile of
the concept under consideration. For a HALAS type of system,
the system considerations and their maximum point values are
established as follows:

1. Simplicity of Design (300)
2. System Performance (250)
3. Ease of Operation (250)
4, System Versatility (100)
5. Cost (100)

To reduce the ambiqguity in the concept assessment, each factor
is further identified in terms of appropriate details of the
system design called areas of consideration. These areas

will be affected, in turn, by general functional demands for
load acquisition and engagement. Areas of consideration,
which exist then within the system consideration, are
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allocated shares of points commensurate with thei: relative
importance in the factor assessment,

6.1 DISCUSSION OF SYSTEM TRADE-OFF ANALYSIS

Areas of consideration are concerned with the system design
and operation for the automatic load engagement, and with some
special demands on the helicopter performance, during the
acquisition phase, to enable satisfactory load engagement.
These areas can be grouped into:

l. Acquisition device related
2. Load related

3. Mission related

4, Helicopter related

To limit the scope of the problem, the start of the acquisi-
tion phase is here defined by:

1. The helicopter in hover over the load at a height
of 50-150 feet

2. The helicopter roughly aligned with the load

3. Acquisition device (frame, etc.) approximately
25 feet above the load

Special environmental conditions, such as weather and visilil-
ity impairment, are not included at this time in this treat-
ment. Such conditions create system requirements which are
common to all design concepts advanced so far, and thus would
not add any more insight to the assessment.

Load Related Areas

The load related areas have to do with some form of load prep-
aration for acquisition which may be required by the concept.
Four classes of the load status can be distinguished in this
respect:

1., Unprepared load: existing lifting provisions are
adequate. No preparation of the load is necessary
for automatic acquisition,

2, Senmi-unprepared load: existing hookup provisions are
augmented by the addition of new elements, However,
such additions can be left on the load permanently
as a minor load modification.
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3. Prepared load: new lifting elements are attached to
the load =nd detached at destination for each air-
borne transport mission,

4, Semi-prepared load: new elements for lifting are
added and left permanently on the load, similar to
(2) above. However, these elements must be manually
set prior to engagement,

Acquisition Device Related Areas

Acquisition device related areas have to do with the design,
construction and operation of the acquisition device system.
Items to consider are:

1. Design and implementation complexity

a, Size or shape change of the device required for
each engagement operation

b. Remotely controlled manipulators used for
engagement

¢c. Automatic homing and engagement device com-
plexity

d. Functional reliability

e. Weight factor - device weight/load weight
2, Operational complexity

a. External or on-board operator

b. Load proximity sensor required

c. Remote optical viewing aids

d. Control and operation of the device system

e. Identification of hookup or engagement elements
on the load

f. Complexity of function in hookup operation and
load safetying

g. Acquisition phase time to engagement
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Helicopter Related Areas

The helicopter related areas have to do with:

1. Required helicopter performance accuracies in hover-
hold and alignment with the load, trim and hold

2, Helicopter maneuvering for acquisition

3. Special gear or equipment in excess of standard
equipment

Mission Related Areas

The mission related areas have to do with logistics of load
acquisition, i.e.:

1. Pre-mission shipment of the necessary parts, kits
and men to the load site

2. Men, man-hours and equipment needed for load
"dressing" and "undressing"

3. Change of the acquisition device for each load
type or resetting of the same device

4, Acquisition device delivery to the depot, attach-
ment to the helicopter and storage

6.2 HALAS SYSTEM ASSESSMENT MATRIX

One way of combining all the system considerations for con-
cept assessment is to form a matrix in which appropriate com-
binations are provided for evaluating the point count., 1In the
matrix, each system consideration can be evaluated in the fol-
lowing pattern:

Item of Consideration SYSTEM CONSIDERATIONS
1l 2 3 4 5

Point count assessment score
by items of consideration

Total point score for
the concept
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HALAS SYSTEM ASSESSMENT MATRIX
SYSTEM CONSIDERATIONS

Simplic-
ity of
Design

System
Perform-
ance

Ease of
Operation

System
Versa-
tility

Cost

Total
Count

Acquisition
Device Related
.Design & Im-

plementation
Complexity

.Operational
Complexity

400

LLoad Related:
.Unprepared

.Semi-
unprepared

.Prepared

.Semi~-prepared

300

Mission Re-
lated

.Pre-mission
parts
shipmeat

.Men, Man-hours

.Different
acqg. device
for load type

.Acqg. device
attachment,
storage

200

Helicopter
Related

.Reqg'd perf,
accuracies

.Maneuvering

.Load lines
control

100

Total Count

300

250

250

100

100
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7.0 SYSTEM TRADE-OFF ANALYSIS

The methodology of the system concept evaluation can be re-
duced to an assessment matrix.

With certain major assumptions concerning relative importance
of various aspects of the system, the maximum score values
have been allocated to the box item in the matrix. The as-
sessment approach then was tried out on five selected design
concepts which were described in Section 6.0. The resulting
scores not only are reasonable and satisfactory but also tend
to reflect on the aspects of the system design which are not
directly obvious.

The Assessment Matrix

In Section 6.0 a methodology for evaluation of the HALAS
system concepts was developed. Tne development end result was
a system assessment matrix: a tool for conducting concept
evaluation, presented on the following page. Although, in the
final outcome, the selection of a system concept is necessar-
ily subjective, in which the factors playing a part in the
selection are not altogether rational, it is instructive to
see how such intuitive selection correlates with a more im-
partial assessment procedure. To make a brief review, the
methodology approach taken was that for HALAS-type systems,
the design concept "worthiness" can be reduced to the five
factors of guality:

1., Simplicity of Design

2, System Performance

3. Ease of Operation

4, System Versatility

5. Cost
To make an assessment, each of the factors was given a score
based on several considerations. These, in turn, were grouped
as follows:

1. Acquisition device related

2, Load related

3. Mission related

4, Helicopter related
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HALAS SYSTEM ASSESSMENT MATRIX
SYSTEM CONSIDERATIONS

ASSESSMENT
ITEMS

{Max. Count)

Simplic~
ity of

Design
(300)

System

Perform-

ance
(250)

Ease of
Operation
(250)

System
Versa-
tility

(100)

Cost
(100)

Total

Count
(1200)

Acquisition
Device Related
.Design & Im-

plementation
Complexity

.Operational
Complexity

(150)

(100)

(90)

(30)

(30)

(400)

LLoad Related:
.Unprepared

.Semi-
unprepared

.Prepared

.Semi-prepared

(90)

(80)

(80)

(30)

(20)

(300)

Mission Re=-
lated

.Pre-mission
parts
shipment

.Men, Man-hours

.Different
acqg. device
for load type

+Acq. device
attachment,
storage

(60)

(0)

(50)

(40)

(50)

(200)

Helicopter
Related

Req'd perf.
accuracies

.Maneuvering

.woad lines
control

(0)

(70)

(30)

(0)

(0]

(100)

Total Count
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The assessment matrix was then formulated incorporating the
system considerations and system assessment items. A maxi-
mum point count of 1000 was next allocated to the resulting
boxes.

At the outset, certain assumptions were made concerning the
importance of various aspects in the concept design by assign-
ing a graduated maximum point count to each column heading

and to each row heading. The maximum point scores for each
system consideration and assessment item are shown in paren-
theses on the matrix chart. It can be seen that heavy em-
phasis was attached to the acquisition device related items.

HALAS Design Assessment

As a result of the preliminary system assessment based on the
developed assessment criteria, the following five system
concepts, among a dozen or so presented, were se-
lected for further detailed system assessment analysis.

1. Forceps HALAS Concept

2. Lifting Loop Concept

3. Lifting Stud Concept

4., Magnetic Hook Concept

5. Active Arm Concept
They were selected mainly because of their higher ratings in
design simplicity, ease of operation, and system versatility
as compared to those of the other presented system concepts.

The results of the assessment and the relative design worthi-
ness are shown in the assessment matrixes,
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HALAS SYSTEM ASSESSMENT
SYSTEM CONSIDERATIONS

FORCEPS HALAS CONCEPT

MATRIX

ASSESSMENT
ITEMS

(Max. Count)

Simplhic-
ity of
Design
(300)

Systen

Perform-

ance
(250)

LZase of

Operation

(250)

Systen
Versa-
tility

(100)

Cost
(100)

Total
Count
(1000)

Acquisition
Device Related
.Design & Im-

plementation
Complexity

.Operational
Complexity

(150)

50

(100)

20

(90)

50

(30)

(30)

(400)

130

[L,oad Related:
.Unprepared

-Semi"‘
unprepared

.Prepared

.Semi-prepared

(90)

90

(80)

20

(80)

40

(30)

(20)

20

(300)

175

Mission Re-
lated

.Pre-mission
parts
shipment

.Men, Man-hours

.Different
acqg. device
for load type

«ACG. device
attachment,
storage

(60)

40

(0)

(50)

30

(40)

(50)

(200)

80

Helicopter
Related

.Reg'd perf.
accuracies

.Maneuvering

.Load lines
control

(0)

(70)

10

(30)

10

(0)

(0]

(100)

20

Total Count

180

50

130

15

30

405
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HALAS SYSTEM ASSESSMENT MATRIX

SYSTEM CONSIDERATIONS
ACTIVE ARM HALAS CONCEPT

[ ASSESSMENT
ITEMS

(Max. Count)

Simplic-
ity of
Design
(300)

Systenm
Perform-
ance
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